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Background. Many antibiotics prescribed in the outpatient setting result from upper respiratory tract infections (URTIs); how-
ever, these infections are often viral. Virtual visits have emerged as a popular alternative to office visits for URTIs and may be an
important target for antimicrobial stewardship programs.

Methods. This retrospective cohort study evaluated adult patients diagnosed with sinusitis treated within a single primary care
network. The primary objective was to compare guideline-concordant diagnosis between patients treated via virtual visits vs in-office
visits. Guideline-concordant bacterial sinusitis diagnosis was based on national guideline recommendations. Secondary objectives
included comparing guideline-concordant antibiotic prescribing between groups and 24-hour, 7-day, and 30-day revisits.

Results. A total of 350 patients were included in the study, with 175 in each group. Patients treated for sinusitis were more likely
to receive a guideline-concordant diagnosis in the virtual visit group (69.1% vs 45.7%; P < .001). Additionally, patients who com-
pleted virtual visits were less likely to receive antibiotics (68.6% vs 94.3%; P < .001). Guideline-concordant antibiotic selection was
similar between groups (67.5% vs 64.8%; P = .641). The median duration of therapy in both groups was 10 days (P = .88). Patients
completing virtual visits were more likely to revisit for sinusitis within 24 hours (8% vs 1.7%; P = .006) and within 30 days (14.9%

vs 7.4%; P = .027).
Conclusions.

In adult patients presenting with sinusitis, care at a virtual visit was associated with an increase in guideline-

concordant diagnosis and a decrease in antibiotic prescribing compared with in-office primary care visits. Virtual visit platforms may
be a valuable tool for antimicrobial stewardship programs in the outpatient setting.
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Antibiotic overprescribing and emerging antimicrobial resist-
ance are pressing concerns to public health across the globe
[1]. The majority of antibiotic prescribing occurs in outpatient
settings, with the Centers for Disease Control and Prevention
(CDC) estimating that primary care physicians prescribe more
than 106 million antibiotics annually in the United States [2].
Unfortunately, many of these antibiotic courses are unneces-
sary, with a projected 40%-60% of patients receiving antibiotic
treatment for viral upper respiratory tract infections (URTIs)
[3, 4]. Sinusitis is the most common indication for outpatient
antibiotic prescriptions; however, the CDC estimates that >90%
of cases are caused by viral pathogens and that antibiotics are
not warranted in most instances [5].
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Antimicrobial stewardship programs (ASPs) have been created
to improve antibiotic prescribing, helping to fight issues related
to antimicrobial resistance while improving patient outcomes
[6]. Historically, the majority of ASP initiatives were focused on
improving inpatient antimicrobial prescribing. More recently,
the focus of ASPs has shifted to the outpatient setting, with the
CDC and The Joint Commission (TJC) proposing core elements
of performance for stewardship programs in ambulatory care set-
tings [7, 8]. As an alternative to traditional office visits, the emer-
gence of direct-to-consumer (DTC) telemedicine through virtual
visits is an increasingly popular method of health care delivery
and another important ambulatory care target for ASPs. These
visits provide patients with quick and convenient access to pri-
mary care providers for a wide variety of uncomplicated com-
plaints such as URTTs. During virtual visits, antibiotic prescribing
is typically determined based on an algorithm of patient-reported
symptoms and severity without a physical exam [9].

Both the Infectious Diseases Society of America (IDSA) and
the American Academy of Otolaryngology have developed guide-
line recommendations that outline key diagnostic criteria that
correlate with an increased likelihood of bacterial sinusitis and de-
fine when antibiotic treatment of sinusitis may be appropriate [10,
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11]. At this time, there is a paucity of literature evaluating the ap-
propriateness of diagnosis and prescribing for URTTs in the virtual
visit setting. The purpose of this study was to compare diagnosis
and prescribing practices between virtual visits and office visits for
adults diagnosed with sinusitis within a primary care network.

METHODS

This retrospective cohort study was conducted at Mercy Health
Physician Partners’ (MHPP) primary care network in Grand
Rapids, Michigan. Adult patients aged >18 years were eligible for
study inclusion if they completed a virtual or office visit within
the study period of January 1, 2018, to June 30, 2018. Included
patients must have been diagnosed with viral sinusitis or acute
bacterial sinusitis via virtual visit or diagnosed with an ICD-
10 code corresponding to sinusitis via an office visit (J01.90,
J01.8, J01.00, or J01.10). Patients were selected for inclusion via
random number generating and were screened for inclusion
until the target sample size of 350 patients was met. Patients
were excluded if they were diagnosed with fungal sinusitis or if
they were immunocompromised with any of the following: HIV
with a CD4 count <200, active malignancy currently receiving
chemotherapy, or receiving chronic steroid therapy equivalent
to 220 mg/d of prednisone for at least 30 days.

The MHPP network is comprised of >500 physician and
midlevel providers offering comprehensive care, including pri-
mary care at 22 offices in the Grand Rapids metropolitan area.
Virtual visits, powered by Zipnosis, began being offered for
URTTs, including sinusitis, by MHPP primary care providers in
September 2017. The MHPP virtual visits are conducted via a
text-based format, with the platform accessible from a smart-
phone or computer. Virtual visits are available to patients 7 days
per week from 08:00 to 20:00. Patients select from a list of
chief complaints and complete a corresponding questionnaire
regarding symptom types, duration, and severity, with an op-
portunity to provide any additional information to the primary
care provider within a single free text entry at the end of the
questionnaire. Providers receive virtual visit notifications via an
app on their phone or computer and receive a summary of the
patient’s chief complaint, symptoms, and free text comments.
Along with the patient summary, the virtual visit software lists
criteria based on national guidelines for bacterial sinusitis to

help guide provider diagnosis (Table 1). Based on the diagnoses
chosen by the provider, the software will provide a drop-down
menu of antibiotic choices for bacterial sinusitis or supportive
care options for any diagnosis of sinusitis.

Antimicrobial stewardship efforts at MHPP are supported
by an antimicrobial stewardship physician lead who provides
care within the MHPP Infectious Diseases practice and an in-
fectious diseases pharmacist who is employed by Mercy Health
Saint Mary’s Hospital and provides both inpatient and outpatient
ASP management and leadership. The ASP constructs an annual
outpatient antibiogram and provides outpatient empiric therapy
guidelines for antimicrobial therapy that include recommenda-
tions for the treatment of sinusitis based on local susceptibilities
as well as national guidelines (Figure 1). Annual education is pro-
vided via an electronic educational system, whereas antibiograms
and empiric therapy guidelines are made available electronically
via the Mercy Health Saint Mary’s and MHPP intranet site. The
virtual visit software and algorithms are developed by a third-
party vendor and cannot be modified by the local ASP.

Data were collected from the AthenaHealth outpatient re-
cords system for both MHPP office and virtual visits. Patients
were stratified into 2 groups for comparison based on visit type
(ie, office visit vs virtual visit). Patient characteristics, including
age, sex, beta-lactam allergies, and symptom type and dura-
tion, were collected. The primary objective of this study was to
compare the rate of guideline-concordant sinusitis diagnosis,
based on IDSA and American Academy of Otolaryngology re-
commendations, between virtual visits and office visits (Figure
1). Appropriate diagnosis was confirmed by an unblinded in-
dependent review from a board-certified infectious diseases
physician. Secondary objectives included comparing rates of
antibiotic prescribing, guideline-concordant antibiotic selec-
tion and duration, and supportive care prescribing between of-
fice and virtual visits. The appropriateness of antibiotic selection
and duration were determined by local outpatient antimicrobial
empiric therapy guidelines (Figure 1). The appropriateness of
antibiotic prescribing was assessed for all patients, regardless of
guideline-concordant diagnosis. Additional patient outcomes
collected included 24-hour, 7-day, and 30-day unplanned re-
visits, 30-day hospitalization, and Clostridiodes difficile infec-
tion within 30 days of initial visit. A revisit included an office,
urgent care, emergency department, or virtual visit.

Table 1. Diagnostic Criteria from Virtual Visit Software

Sinusitis Adherence Criteria from Zipnosis Virtual Visit

7 days of symptoms AND at least 2 of the following:

OR
Symptom duration of 10 days or more

® Fever

* Double sickening (worsening symptoms after initial improvement)
e Sinus pressure or headache

® Purulent nasal discharge (green or yellow)

2 « OFID . Johnson et al



Diagnosis Suspected Pathogens Empiric Therapy Duration of Therapy
Sinusitis, acute Virus First line for suspected bacterial cause:
) ) ) * Amoxicillin/clavulanate 875/125 mg PO q 12 h
*NOTE: Bacterial 'etlolog'y é pneumoniae H. . + Cefuroxime 500 mg PO q 12 h
should only be considered if: influenza, M. catarrhalis
« Persistent symptoms without Second line, beta-lactam allergy: 5-7 days
improvement of nasal * Doxycycline 100 mg BID
discharge or daytime cough OR
>10 days * Respiratory fluoroquinolone
Severe symptoms: fever 239°C, ° Moxifloxacin 400 mg PO daily
purulent nasal discharge for at ©  Levofloxacin 500 mg PO daily
least 3 consecutive days
Figure 1. Mercy Health Saint Mary's empiric therapy guidelines for sinusitis. Abbreviations: BID, twice daily; PO, oral.
Statistical Analysis
Today
Assuming a baseline office visit rate of appropriate prescribing 19d = P <.001

of 50%, a sample size calculation estimated that at least 350 pa-
tients would be needed to detect a 10% difference in the pri-
mary end point with 80% power and a 2-sided alpha of .05 [3,
4]. Nominal data were assessed with the chi-square or Fisher
exact test as appropriate, and continuous data were assessed
with a Student ¢ test or Mann-Whitney U test based on the dis-
tribution of data. Multivariate logistic regression was conducted
to assess for independent risk factors for revisits. Factors with
P < .2 in bivariate analyses were considered for inclusion in the
model. SPSS statistical software, version 22 (IBM Corporation,
Armonk, NY), was used for all statistical analyses.

RESULTS

During the 6-month study period, 3897 patients were diag-
nosed with sinusitis by an MHPP primary care provider. A total
of 394 patients were screened until the target sample size of 350
patients was met, with 175 patients per group. Provider type
and incidence of beta-lactam allergies were similar between
groups; however, the median age of patients treated in the office
visit group (interquartile range [IQR]) was significantly older
compared with the virtual visit group (50 [35-60] vs 38 [32-50]
years; P < .001). Additionally, there were fewer females treated
in the office visit group compared with the virtual visit group
(64.6% vs 80.6%; P = .001).

Documented patient-reportedsymptomsaredisplayedin Table 1.
The majority of symptoms were more commonly reported for
patients in the virtual visit group, including double-sickening,
facial pain or pressure, nasal drainage, and myalgias (Table 2).

In addition, patient self-request for antibiotics was also more
common in the virtual visit group (3.4% vs 10.9%; P = .007).
The duration of symptoms at the time of the visit was shorter
in the virtual visit group compared with the office visit group
(Figure 2).

Guideline-Concordant Diagnosis and Prescribing

Guideline-concordant sinusitis diagnosis based on national
guidelines was less common in the office visit group com-
pared with the virtual visit group (45.7% vs 69.1%; P < .001).

3-6d ——
7-9d  n——
10-13d  —
2-3 Wk
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Figure 2. Reported duration of symptoms.

All of the patients who had an inappropriate diagnosis in each
group were diagnosed with bacterial sinusitis but did not meet
national guideline criteria. Patients in the office visit group
were more likely to receive a bacterial sinusitis diagnosis com-
pared with patients in the virtual visit group (94.3% vs 68.6%;
P <.001).

There were significantly more antibiotics prescribed in the
office visit group compared with the virtual visit group (94.3%
vs 68.6%; P < .001). When antibiotics were prescribed, the rate
of guideline-concordant antibiotic prescribing was not different
between office and virtual visits (64.8% vs 67.5%; P = .641).
Antibiotic selection was similar between groups (P = .113)
(Supplementary Data). The most commonly prescribed anti-
biotic in both groups was amoxicillin-clavulanate. Of the 25
patients who self-requested antibiotics, 100% of patients in the
office visit group were prescribed an antibiotic, compared with
63.2% in the virtual visit group (P = .080).

Guideline-concordant duration of antibiotic therapy was
similar in both groups (43.6% vs 40.8%; P = .636). The median
duration of antibiotic therapy (IQR) was 10 (7-10) days for
both groups (P = .882). Ten patients in the office visit group
and 3 patients in the virtual visit group received >10 days of
antibiotic therapy. Supportive care was more commonly recom-
mended or prescribed to patients who completed a virtual visit
compared with those who completed an office visit (71.4% vs
88.6%; P < .001) (Supplementary Data).
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Table 2. Patient-Reported Symptoms

Symptoms, No. (%) Office Visit (n = 175) Virtual Visit (n = 175) PValue
Chills 2 (6.9) 41 (23.4) <.001

Cough 113 (64.6) 114 (65.1) 91

Difficulty breathing 7 (15.4) 0(0) <.001

Double sickening 3(74) 69 (39.4) <.001

Facial pain or pressure 134 (76.6) 155 (88.6) .003
Fatigue or malaise 8 (33.1) 149 (85.1) <.001

Fever 0(11.4) 26 (14.9) .343
Headache 4 (36.6) 150 (85.7) <.001

Myalgia 4(8) 61 (34.9) <.001

Nasal congestion 88 (50.3) 163 (93.1) <.001

Nasal drainage purulence documented 97 (55.4) 137 (78.3) <.001

Tooth pain 1(0.6) 3 (41.7) <.001

Wheezing 22 (12.6) 3 (74) 109

Finally, patients who completed virtual visits were more
likely to have an unplanned revisit related to sinusitis within 24
hours (1.7% vs 8%; P = .006) and within 30 days (7.4% vs 14.9%;
P =.027) of the initial visit when compared with office visits.
There was no difference in revisits at 7 days between groups (of-
fice visit 16.6% vs virtual visit 14.9%; P = .659). In multivar-
iate logistic regression, the only factor independently associated
with 24-hour revisit was patient self-request for antibiotics,
which was protective of 24-hour revisit (odds ratio, 0.20; 95%
confidence interval, 0.06-0.68) (Table 3). There were no factors
that independently predicted 30-day revisits. No patient in the
office group or virtual visit group required hospital admission
or was diagnosed with C. difficile infection within 30 days of
their initial visit.

DISCUSSION

Our study demonstrated that adult patients treated for sinus-
itis via a virtual visit were more likely to receive a guideline-
concordant diagnosis and were prescribed significantly fewer
antibiotics when compared with patients who were evaluated
at a primary care office. This resulted from a higher percentage
of patients receiving an appropriate diagnosis of viral sinusitis,
which was associated with a lower rate of antibiotic prescribing.
The Zipnosis virtual visit platform may have aided in increasing

Table 3. Multivariate Logistic Regression: Risk Factors for Revisits at 24
Hours

Revisit Within 24 Hours PValue OR (95% CI)

Office visit .657 0.62 (0.13-3.03)
Male 143 0.21 (0.03-1.69)
Self-requested antibiotics .010 0.20 (0.06-0.68)
Fatigue/malaise 317 0.40 (0.07-2.39)
Chills 104 0.39 (0.12-1.21)
Antibiotics prescribed .376 1.68 (0.53-5.33)

Abbreviations: Cl, confidence interval; OR, odds ratio.

the rate of appropriate diagnosis for sinusitis due to the pres-
ence of guideline-supported criteria for bacterial diagnosis
presented to the provider directly within the visit. In contrast,
providers diagnosing and prescribing at office visits may not
always have a summary of guideline recommendations readily
available. Additionally, we observed that patients self-requested
antibiotics in both groups; however, providers were less likely
to prescribe antibiotics to patients treated within a virtual visit.
With the mounting pressure to prescribe antibiotics from pa-
tients in the outpatient setting, it is possible that the virtual visit
platform provides a space for providers where they feel more
comfortable diagnosing viral infections and counseling on an-
tibiotic avoidance.

Despite virtual visits demonstrating significantly improved
guideline-concordant diagnosis and decreased antibiotic pre-
scribing, the selection of a guideline-concordant antibiotic
agent and duration was similar between groups. The telemed-
icine platform currently used by MHPP is not based on local
sensitivities and does not follow the organizations current
empiric therapy guidelines. Additionally, the preselected du-
ration of therapy for most regimens is 10 days, which exceeds
the 5-7-day recommendation of current national guidelines.
Furthermore, current counseling language provided to patients
at the close of each virtual visit for sinusitis includes language
stating that antibiotics are not warranted until symptoms have
lasted at least 7 days, which is in contrast to the 10 days listed
in the current national guideline recommendations. As the
popularity of telemedicine continues to grow, virtual visits and
their software platforms could be an important tool for ASPs.
Interventions to optimize platform settings, including incorpo-
ration of local guidelines and strengthening patient education,
may help increase the rate of guideline-concordant prescribing.

The quality of care provided by virtual visits has been pre-
viously called into question. To date, very few studies have
been published assessing the impact of direct-to-consumer
telemedicine visits via text- or video-based virtual platforms
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on appropriate diagnosis and antibiotic prescribing. Halpren-
Ruder and colleagues sought to assess virtual visit quality of
care by comparing adherence to antibiotic prescribing guide-
lines for sinusitis between on-demand video-based virtual visits
and in-person visits at either an urgent care center or emer-
gency department [12]. Of the 570 patients included in the
study, the authors found that guideline-concordant antibiotic
prescribing was not different between groups (71% virtual visits
vs 61% urgent care vs 68% emergency department; P = .29). The
authors concluded that delivery of care through virtual visits
did not compromise quality. Davis et al. evaluated 157 patients
treated for sinusitis via a video-based virtual visit compared
with a traditional urgent care visit. Similar to our study, antibi-
otic prescribing for sinusitis was significantly lower in patients
treated at a virtual visit compared with in-person urgent care
visits (67% vs 92%; P < .001) [13]. The authors concluded that
awareness and access to prescribing guidelines, rather than
care delivery method, were likely the most important factors
influencing appropriate antibiotic prescribing. With the recent
push from both the CDC and TJC to implement strategies for
stewardship in ambulatory settings, virtual visits may repre-
sent an important opportunity to implement guidelines and
improve the quality of antibiotic prescribing. Finally, Ray and
colleagues evaluated prescribing via direct-to-consumer tel-
emedicine visits compared with in-office visits or urgent care
visits in a pediatric population with acute URTIs. Children
treated for URTIs in virtual visits were more likely to receive
antibiotics compared with those who presented for office visits
or to urgent care (52% telemedicine vs 31% office visit vs 42%
urgent care; P < .001) [14]. Additionally, they found that the
rate of guideline-concordant antibiotic prescribing was lower
for pediatric patients completing telemedicine visits (59% tel-
emedicine vs 70% office visit vs 67% urgent care; P < .001). The
authors concluded that pediatric patients treated for URTI at
virtual visits were more likely to receive antibiotics and less
likely to receive guideline-concordant management compared
with those treated in the primary care office or at urgent care.
These conclusions, which are in contrast to our own findings,
are important to note. The mixed results seen in each study may
be due to the different patient populations evaluated, diseases
states included, and the way in which virtual visits were de-
livered (text- vs audio- vs video-based). The ideal method for
the delivery of telemedicine has yet to be identified.

Lastly, patients who completed virtual visits were more likely
to have an unplanned revisit for sinusitis-related care at both
24 hours and 30 days from their index visit. Of note, in the
multivariate model, virtual visits were not an independent risk
factor for revisits at either 24 hours or 30 days. We hypothe-
size that the increase in revisits could be due to several causes.
First, the text-based virtual visit offered within MHPP lacks
real-time and face-to-face interaction between the provider and
patient, which limits opportunities for dialogue. Having some

capability for live interaction between provider and patient may
alleviate higher rates of revisits by allowing patients to convey
their questions regarding diagnosis and treatment at the time of
visit. Virtual visits additionally lack a physical exam, which has
the potential to affect appropriate diagnosis [15]. Finally, in our
multivariate model, self-requesting antibiotics was found to be
protective for unplanned revisits at 24 hours. This could mean
that patients who self-requested antibiotics were more likely to
receive them and not feel the need to seek further care or that
the refusal of self-requested antibiotics and education provided
discouraged patients from further revisits.

Study Limitations

There are limitations to our study that must be considered.
First, as with all retrospective investigations, there is the risk for
selection bias as well as the reliance on appropriate documenta-
tion. There was a significant difference in documentation noted
between visit types due to the fact that office visit documenta-
tion is provider-driven whereas virtual visit documentation is
patient-driven. The text-based virtual visit platform offered by
Zipnosis is formatted as a questionnaire with closed-ended and
“yes/no” questions regarding symptoms; only a single comment
box is available for free text patient comments. This is likely
why several reported symptoms, including double-sickening,
were more often reported with virtual visits compared with
office visits. For example, self-request for antibiotics was ex-
tracted from the free-text patient comments for virtual visits
and provider documentation for in-office visits. Additionally,
the text-based platform does not allow for face-to-face interac-
tion with a provider, which can also be considered a limitation
when considering generalizability to other types of telemed-
icine platforms. Furthermore, the Zipnosis platform does not
interface with the electronic medical health record; therefore,
medical history, including comorbidities, was not available to
be collected. This lack of software interface is a limitation of
virtual visits, as these data are not available to providers when
making decisions. We found that patient demographics were
different between groups; patients completing virtual visits
were more likely to be younger in age. This can likely be ex-
plained by the age restriction of 18-65 that is placed on virtual
visits within our health system. Finally, we only assessed the use
of virtual visits for sinusitis, which may limit the generalizability
of our results to other diagnoses. Despite these limitations, our
study provides important insights into the utility of virtual
visits, highlighting areas for improvement and opportunities to
optimize guideline-concordant diagnosis and prescribing.

CONCLUSIONS

In adult patients presenting with sinusitis, care at a virtual visit
was associated with an increase in guideline-concordant diag-
nosis and a decrease in antibiotic prescribing compared with
in-office primary care visits. As the use of telemedicine in health
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care continues to increase, virtual visit software with embedded
guidelines supported by national recommendations and local
susceptibility trends may be a valuable tool for ASPs to improve
guideline-concordant diagnosis and prescribing.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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