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Objective: The objective of this study is to systematically review the literature and examine the safety for the use of
topical vasoconstrictors in endoscopic sinus surgery.

Study Design: Systematic review clinical trials.
Method: A systematic literature search was performed in MEDLINE, EMBASE, The Cochrane Library, and National Guide-

line Clearinghouse, and references in the selected articles.
Results: The search criteria captured 42 manuscripts with relevant titles. A systematic review on the topical use of

phenylephrine was found; however, no other systematic review, meta-analyses, or clinical guidelines were identified. Six
randomized clinical trials or comparative studies, as well as multiple case reports and review articles were also identified.
The literature supports the safety of oxymetazoline and epinephrine when used judiciously in carefully selected patients
undergoing endoscopic sinonasal surgery; however, topical phenylephrine is not recommended because of its risk profile.

Conclusion: In sinus or nasal surgery, topical vasoconstrictors should be used in a manner that minimizes the risk of
cardiovascular morbidity.

Key Words: Complication, sinus, vasoconstrictor, oxymetazoline, phenylephedrine, endoscopic surgery, topical, nasal,
epinephrine/adrenaline, xylometazoline, cocaine, phenylephrine.
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INTRODUCTION
Topical vasoconstrictors are important hemostatic

agents for maximizing visualization and minimizing bleed-
ing during endoscopic sinus surgery. However, these
topical agents have the potential to have systemic cardio-
pulmonary effects, and currently there are no guidelines
or established protocol that is available to aid the endo-
scopic surgeon in choosing the appropriate topical
vasoconstrictor agent, concentration of topical vasocon-
strictors, and contraindications to using these helpful and
essential medications during the procedure. Therefore, the
objective of this study was to systematically review the lit-
erature for safety of topical vasoconstrictor and provide a
protocol for the use of topical vasoconstrictors when per-
forming endoscopic procedure in nose and sinuses.

METHODS

Search Strategy
We conducted a systematic literature search of MED-

LINE (1966 to July 2008), EMBASE (1980 to July 2008),
Cochrane Central Register of Clinical Trials (CENTRAL),
Cochrane Database of Systematic Reviews, clinicaltrials.gov,
and The National Guideline Clearinghouse databases with-
out language restriction for studies including combined key
terms and exploded Medical Subject Headings (MeSH) of the
terms topical, vasoconstrictor, sinus*, nasal, epinephrine/
adrenaline, oxymetazoline, xylometazoline, cocaine, phenyl-
ephrine, and adenoid*. We also scanned the references in
the retrieved articles, reviewed abstracts of selected scien-
tific meetings (within the specialties of otolaryngology—head
and neck surgery, rhinology, skull base surgery, and anes-
thesiology), and contacted experts in the field to identify all
relevant articles.

Selection Criteria
Two authors (T.H., J.H.) independently screened the titles

and abstracts of the search results and identified articles eligi-
ble for further review. Inclusion criteria for obtaining the full-
text article included original studies, case reports, case series,
animal studies, systematic reviews, meta-analyses, or guide-
lines reporting on intranasal topical vasoconstrictor use.
Exclusion criteria included reviews and articles focused on
diagnostic nasal endoscopy, transnasal intubation, manage-
ment of nasal symptomatology, intravenous infiltration, and
procedures not involving the sinonasal passages. We resolved
any disagreement by consensus. Figure 1 shows the flow chart
of article inclusion and exclusion.
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Data Extraction
Authors critically appraised the full-text articles using the

Meta-analysis of Observational Studies in Epidemiology
(MOOSE) standards for observational studies, the EQUATOR
Network (www.equator-network.org) recommended article for
questionnaire studies, and the CONSORT checklist for clinical
trials.

RESULTS

Search Results
Figure 1 shows the flow chart of article inclusion

and exclusion. The search strategy identified 172 cita-
tions and four articles were identified through hand
searching the references of retrieved articles. Seventy-
five of these citations underwent full-text review. We
excluded 33 of these articles for reasons listed in Figure
1. A final number of 42 included articles were used in
the systematic review (Tables I–III). The final list of
articles included 19 case reports or series, 9 randomized
clinical trials, 7 nonrandomized studies, 5 survey stud-
ies, and 2 guideline articles.

CASE REPORTS
The search strategy identified 19 case reports (Ta-

ble I) of morbidity after topical vasoconstrictors use in
sinonasal surgery. Table I summarizes the findings from
these case reports. Morbidity from topical phenylephrine
was reported as myocardial infarction (n ¼ 1), hyperten-
sive crisis (n ¼ 2), and tachyarrhythmias (n ¼ 1).

Topical cocaine was attributed to perioperative myocar-
dial infarction (n ¼ 6), tachyarrhythmias (n ¼ 2), and
acute angle glaucoma (n ¼ 2). Topical epinephrine was
attributed to one case of cardiogenic shock during septo-
plasty and one case of postoperative myocardial
infarction. The combination of both topical cocaine and
epinephrine was attributed to perioperative myocardial
infarction (n ¼ 2) and tachyarrhythmias (n ¼ 5). The
combination of topical cocaine and phenylephrine was
attributed to hypertensive crisis (n ¼ 1) and myocardial
infarction (n ¼ 1). No case reports reported morbidity
from use of topical oxymetazoline.

Clinical Guideline
A clinical advisory report was found from New York

State that recommended restricted use of topical intra-
nasal phenylephrine. This report was initiated from a
case of a 4-year-old child in New York who died following
use of an unknown amount of topical phenylephrine dur-
ing a routine adenoidectomy. This situation generated a
review of the state’s records into cases of morbidity with
intranasal use of topical phenylephrine. The review
identified four pediatric and five adult patients who had
hypertensive crisis or pulmonary edema. Two of the pe-
diatric cases and one of the adult cases died after going
into cardiac arrest.1,2

Case Series and Nonrandomized Comparative
Studies

The case series and nonrandomized studies identi-
fied are summarized in Tables I and II, respectively.

Randomized Clinical Trials
The randomized clinical trials identified are sum-

marized in Table III.

Surveys Studies
Five articles3–7 were self-completion mail-in survey

studies of sinonasal surgeons and their use of topical co-
caine. Feehan et al. (1976)3 performed an anonymous
survey study of 741 (49% response rate) members of the
American Society of Plastic and Reconstructive Surgeons
who had reportedly performed 93,004 rhinoplasties
using topical cocaine. Eighty percent of respondents
reported actively using topical cocaine and reported
225—or 0.24%—mild reactions (no resuscitation
required), 14—or 0.015%—severe reactions (resuscita-
tion required), and no mortalities. However, the 7.4% of
respondents who had discontinued cocaine use reported
twice as many mild reactions (0.4%), 10 times as many
severe reactions (0.1%), and 5 fatalities (0.03%). Of these
respondents, 48% discontinued topical cocaine because of
reports in the literature; 33% reported that the choice
for its discontinuation was not based on its risk profile.
Seventy percent reportedly used topical adrenaline in
place of the discontinued cocaine.

Johns and Henderson (1977)4 published a survey
study in 1977 of 2,434 questionnaires (with a 58%

Fig. 1. Flowchart of article retrieval.
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response rate) completed by practicing otolaryngologists
in the United States. Ninety-two percent of the respond-
ents reported using topical cocaine with 35% using a
combination of cocaine and epinephrine. Twenty percent
reported observing a ‘‘cocaine reaction’’ (including hyper-
excitability, diaphoresis, convulsions, or respiratory
arrest). Fifteen deaths were reported, although only one
case was documented as being applied nasally.

De et al. (2003)5 published a survey study in 2003
of 378 otolaryngologists (with a 65% response rate) in
England. Of all the respondents, 77% used cocaine in
surgery regularly, 48% used combined topical cocaine
and epinephrine, and 43% used cocaine regularly in chil-
dren. The reasons given for those not using cocaine
included ‘‘consider it unsafe’’ (5%), ‘‘not available’’ (3%),
and ‘‘anaesthetist refused’’ (1%). The respondents
reported one mortality and a total of 39 cases of morbid-
ity, which included CNS excitability, arrhythmias, blood
pressure liability, and undefined ‘‘cocaine reactions.’’

Long et al. (2004)6 surveyed 4,017 (54% response
rate) active members of the American Academy of Oto-
laryngology—Head and Neck Surgery in a study
published in 2004 and compared its findings to the 1977
Johns and Henderson study. Less respondents in the
2004 study reported using cocaine in surgery (50% vs.
92%, P < .001); however, more reported observing an
adverse reaction to cocaine (26% vs. 20%, P < .001). The
survey also found that surgeons in practice less than 10
years were less likely to use cocaine than those in prac-
tice for longer (78% vs. 93%, P < .001). Fourteen deaths
were reported.

Shah et al. (2008)7 had an open survey for all Acad-
emy of Otolaryngology—Head and Neck Surgery
members and only 126 members responded about their
experience with topical epinephrine. Their findings were
that 12.7% of respondents had experienced a problem,
16.4% had known of errors, 68.9% were concerned of
potential errors with epinephrine administration. The
survey did not specify the type of surgery in which epi-
nephrine was used, and there is the possibility for
selection bias given their marginal response rates—as
65% is the benchmark for acceptability in self-comple-
tion postal questionnaires.8 The 12.7% complication rate
with the use of concentrated topical epinephrine may be
high because there was another study that showed a
complication rate of 0.1% with the use of topical epi-
nephrine (1:1,000) in 1,998 sinus and nasal procedures.9

DISCUSSION
This systematic review provides an overview of the

available literature of local vasoconstrictor used in the
nose, nasopharynx, or sinuses. The search strategy iden-
tified a total of 32 cases of morbidity, including 5 cases
of mortality associated with topical intranasal vasocon-
strictors. No cases of morbidity were identified with
topical oxymetazoline or xylometazoline.

Establishing causation requires rigorous investiga-
tion and currently there is no universally accepted
method to determine causality of adverse drug reac-

tions.10 A commonly used set of basic tenants for
causality assessment11 include:

1. Temporality (sine qua non). The causative agent pre-
cedes the effect.

2. Strength: stronger associations are more likely to be
causal than weaker associations.

3. Consistency: the causative agent is associated with
the effect on repeated observations.

4. Biologic gradient. The cause–effect relationship fol-
lows a dose–response curve.

5. Plausibility: the biologic action of the causative agent
could reasonably cause the effect.

The reports of morbidity with topical vasoconstric-
tors include many of these criteria (most notably
temporality and plausibility); however, it is difficult to
assess strength, consistency, and dose–response relation-
ships at this time because of the small number of subjects
having adverse reactions and the lack of adequately pow-
ered comparative studies. Other factors that obscure
causality include potential confounding factors, such as
the effects of the systemic anesthetic agents, the amount
of drug used and absorbed, history of recreational stimu-
lant use, and concomitant local injections. During
endoscopic sinonasal surgery, it is difficult to measure the
amount used because much of the medication still
remains in the pledget after its use and is discarded.

Surgeons generally agree that the use of topical vas-
oconstrictors is important in minimizing bleeding.
However, there is disagreement regarding which topical
vasoconstrictor should be used. A few articles provided a
crude estimate of the incidence of adverse cardiopulmo-
nary (CP) events using topical vasoconstrictors. Nicholsin
et al.12 reported CP events in 0.08% (2/250) of patients
undergoing nasal surgery and 4% (1/25) with transphe-
noidal hypophysectomy using 1 mL of intranasal paste
containing 25% cocaine and 0.18% epinephrine. The arti-
cle did not include a control group, nor did it report if the
surgeons also used local injections.

Lee et al.13 reported a randomized clinical trial in
which 2 out of 50 (4%) children undergoing tonsillectomy
and adenoidectomy had ventricular arrhythmias in both
the experimental group (receiving topical epinephrine)
and the placebo-controlled group. Feehan et al.3 reported
in an anonymous survey study that, of 93,004 rhinoplas-
ties performed by surgeons actively using topical
cocaine, there were 225 (0.24%) mild reactions (no resus-
citation required), 14 (0.015%) severe reactions
(resuscitation required), and no deaths. However, the
7.4% of respondents who had discontinued cocaine use
reported twice as many mild reactions (0.4%), 10 times
as many severe reactions (0.1%), and 5 fatalities
(0.03%). Of these respondents, 48% discontinued topical
cocaine because of reports in the literature; 33%
reported that the choice for its discontinuation was not
based on its risk profile; and 70% reportedly used topical
adrenaline in place of the discontinued cocaine. Kubo
et al.14 reported that 26 of 178 (15%) patients under-
going FESS using topical epinephrine with and without
cocaine had tachycardia at some point in the operation,
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but that it only occurred with concomitant use of atro-
pine. Complications are possible even when topical
vasoconstrictors are administered properly. Complica-
tions can also occur when there is a processing error.
Because most topical vasoconstrictors are clear liquid
medication that can be often confused with other inject-
able anesthestic agents that have the same consistency
and color, there is a possibility that the topical medicine
can be injected.8 Therefore, it is important to develop a
protocol to differentiate the topical vasoconstrictor from
injectable anesthetic. One way to easily remedy this sit-
uation is to color the topical medicine with flourescien or
a drop of methylene blue. Other suggestions for safe
handling of topical vasoconstrictors include: 1) having
the pharmacy prepare the solution, 2) storing only a sin-
gle concentration, 3) labeling all syringes and storage
containers, 4) drawing the medications directly from the
vial, and 5) employing a verification process with the
operating room staff.

Proposed Protocol
There is a debate regarding the appropriate topical

vasoconstrictors to use in endoscopic sinonasal surgery.
Some believe that oxymetazoline alone should be used
because of its safety record. Others believe that perform-
ing safe advanced sinus surgery at times requires better
hemostasis than that provided by oxymetazoline and
recommend judicious use of topical concentrated epi-
nephrine. The following protocol for topical
vasoconstrictors is recommended based on safety profile
of the literature reviewed.

1. Do not use topical phenylephrine if possible.
2. Use caution with topical cocaine.
3. Avoid b-blockers for intraoperative hypertension after

topical vasoconstrictor use.
4. Avoid halogenated hydrocarbon anesthetic agents

(i.e., Halothane) when using topical vasoconstrictors.
5. If possible, avoid using concentrated topical cocaine

or epinephrine in patients with history of cardiovas-
cular disease.

6. For neonate to 85 pounds or 12-year-old child: con-
sider using 0.05% oxymetalozine first. If adequate vis-
ualization or hemastasis is not achieved then consider
1:2,000 topical epinephrine with judicious use.

7. For 85 pounds to 17 years of age: use oxymetalozine
or 1:2,000 epinephrine with judicious use.

8. 18 years or older: use 1:2,000 or 1;1,000 epinephrine
with judicious use.

Based on the current literature, it is difficult to rec-
ommend a safe amount of topical vasoconstrictors to use
because the absorption rate is difficult to measure. At
the present time judicious use is recommended.

Future Studies
Future studies need to be randomized clinical trials

with adequate subject samples. Because the rate of adverse
effects from intranasal topical vasoconstrictors is extremely
low, the sample size would need to be quite high.

CONCLUSION
In sinus or nasal surgery, topical vasoconstrictors

should be used in a manner that maximizes hemostasis
while limiting the risk any risk or morbidity such as a
cardiovascular event.
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