Systematic Review Article 

The Efficacy of Oral Phenylephrine as a Decongestant: A Systematic Review Update


ABSTRACT
	Background: 

Phenylephrine (PE) is a non-prescription decongestant listed on the Australian Register of Therapeutic Goods (ARTG). However, there are no published systematic reviews supporting the efficacy and safety of this product for this use.
Objective: To examine the efficacy of oral PE as a nasal decongestant for patients aged over 12 years with symptoms of nasal congestion (i.e., allergic rhinitis, influenza-like illness).

Methods: 

PubMed, EMBASE and the Cochrane Central Registry of Controlled Trials were searched for English and non-English studies published through December 2020 that measured the efficacy of phenylephrine in patients with nasal congestion. Studies included in the analysis were randomised, placebo-controlled trials measuring the effects of phenylephrine. Combination products with phenylephrine and other active decongestants were excluded. Two investigators independently extracted data on nasal airway resistance (NAR), self-reported decongestant scores and adverse reactions from each of the included studies. Continuous outcomes including nasal airway resistance and symptom reduction were analysed using weighted mean differences; or standardised mean differences if different measurement scales were used.

Results: 

Three randomised placebo trials evaluating the efficacy and safety of phenylephrine were included for analysis. All three studies demonstrated no statistically significant improvement with PE compared with a placebo in their self-reported symptom scores and in or rhinomanometry results. There was significant heterogeneity among the studies included in this analysis, which was attributed due to different methodologies and scoring systems used. Because of this summarising primary endpoint results was not possible. 

Conclusions: 

There is no evidence that phenylephrine is effective for non-prescription use as a nasal decongestant. This is in congruence with previous reviews like Hatton et al. Based on this review, we recommend that the Therapeutic Goods Administration (TGA) review the efficacy and safety of this common ingredient in decongestant products.
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1. INTRODUCTION 

Acute upper respiratory tract infections (URTI) universally affect people every year. Illnesses such as the common cold and influenza are viewed by many as an inevitable and frustrating part of life, and for more vulnerable people a mortal threat. According to The Australian Lung Foundation, 3 to 4 million GP visits are due to upper respiratory tract infections and cost the Australian taxpayer upward of 150 million AUD annually through direct costs and absenteeism (The Australian Lung Foundation, 2007). Other conditions like allergic rhinitis affect many Australians, negatively affecting quality of life in similar fashion. A healthcare burden for most is an opportunity for others; countless medicines and remedies marketed for congestive symptom relief have given rise to a billion-dollar industry (Fendrick, 2003). 

PE is an alpha-1 adrenergic receptor agonist that is currently approved as non-prescription decongestant by the Therapeutic Goods Administration (‘TGA’). Theoretically its action is mediated by the activation of alpha-1 adrenoreceptors in the arterioles of the nose, causing vasoconstriction. The TGA lists 206 products containing PE on the Australian Register of Therapeutic Goods, the vast majority marketed as cold and flu remedies (Therapeutic Goods Administration, 2021).  However, there have been no large-scale, high-quality RCTs and meta-analyses supporting the efficacy and safety of oral PE in nasal congestion. The effective dose and duration of PE taken orally are also unknown. However, oral bioavailability of PE is estimated to be in the order of 38% (Janin, 2014). 

A Cardiff University systematic review in 2006 found that "No support has been found in the literature in the public domain for the efficacy of PE as a nasal decongestant when administered orally" (Eccles, 2006). The authors also believe that PE was approved by the Federal Foods and Drug Administration of the USA due to "in-house studies" provided by pharmaceutical companies (
Eccles, 2006). A systematic review of 15 RCTs by Hatton et al. at the University of Florida in 2007 echoed these findings, with the authors concluding “There is insufficient evidence that oral PE if s effective for non-prescription use as a decongestant.” (Hatton, 2007) If this is indeed the case, many Australians could be wasting money each year on treatment which is no better than placebo. These two systematic reviews are the only of their kind in that they evaluate the efficacy of PE for decongestion against placebo. However, each review only includes randomised trials undertaken prior to 1980. Therefore, the authors of this paper feel that there is need for an update of Hatton’s review with more recent randomised control trials on PE which fit similar criteria, to determine the efficacy of PE more definitively as a decongestant.

This review seeks to examine the efficacy of oral PE as a nasal decongestant for patients aged over 12 years with symptoms of nasal congestion (i.e. allergic rhinitis, influenza-like illness). We will address this public health concern and anticipate that the findings of the review will have significant regulatory implications for agencies like the TGA and clinical practice.

1.1 Hypothesis

Based upon the previous systematic review by Hatton et. al. and preliminary research, the authors hypothesise that additional studies will not show any statistically significant improvement in upper respiratory symptoms or measures compared with placebo. 
 
2. material and methods 

The study protocol was registered with PROSPERO (National Institute for Health Research). 

2.1 Eligibility Criteria

Randomised trials (RCTs) involving adults and children 12 years or older experiencing any condition that results in nasal congestion will be included. This may include the common cold, allergic rhinitis and other respiratory tract infections. Other study designs will be excluded.
Studies that used oral PE, such as in tablet or capsule form in the intervention arm will be included; however, studies that used combined therapies containing additional decongestants such as pseudoephedrine will be excluded.
Studies that used oral placebo with the same dose administration as PE for the control will be included; those that used mechanical decongestants such as saline douches and other active decongestants will be excluded. Studies assessing objective measures of nasal congestion, such as nasal airway resistance (NAR) or symptom scores will be included to determine efficacy of PE in this context. No limitations will be placed on language, country or year of publication.
Information sources

2.2 Electronic Sources

PubMed, Embase and the Cochrane Central register of Controlled trials (CENTRAL, Issue 12 December 2020) were searched using the search strategy (Appendix 1). This search strategy was modified for the Cochrane library (appendix 2) using a polyglot search. The search strategy was also adapted to search Embase (appendix 3).  
Clinicaltrials.gov, WHO clinical trials registry and direct contact to relevant pharmaceutical companies was done to search for additional ongoing or completed studies (December 2020). A forward and back search was also conducted.  
The search terms used were "Nasal congestion"[tiab] OR "reduced air flow"[tiab] OR "reduced airflow"[tiab] OR NAR[tiab] OR "nasal airway resistance"[tiab] OR influenza[tiab] OR "common cold"[tiab] OR allerg*[tiab] OR "'Common Cold'"[Mesh:NoExp] 
 AND (decongestant*[tiab] OR "Oral PE"[tiab] OR PE[tiab] OR "PE spray"[tiab] OR "PE spray"[tiab] OR 'PE'[Mesh:NoExp]) 

2.3 Data Management

All data was managed electronically using Endnote [Endnote X9] and Microsoft excel. 
 
2.3.1 Selection Process

After removal of duplicates, title and abstracts were screened for RCTs using the automation tool RobotSearch (Bond University, 2020). Remaining study title and abstracts were screened independently by two authors for inclusion using Endnote and SRA-Helper (Clark, 2020). Discrepancies were identified using Disputatron (Bond University, 2020) and resolved by discussion between the two reviewers. Full text screening was conducted in the same manner. 

2.3.2 Reasons for Exclusion 

There were several reasons why 1961 records in the title and abstract screening phase were excluded. These include incorrect study type, studies did not meet inclusion and exclusion criteria, and studies prior to those included in the Hatton review (prior to 1975). The reasons for exclusion at the full text screening phase can be seen below. 

Table 1.	Reasons for study exclusion

	Reason for exclusion at the full text phase
	Amount excluded for the given reason 

	Not the correct study type 
	8

	Not comparing to a placebo 
	3

	PE was not the intervention 
	2

	PE was used in combination with another decongestant 
	2

	Trials not done in target patient group
	1

	Duplicate 
	1

	Full text unavailable 
	15

	Active drug for intervention not known
	2

	Incorrect route of administration 
	1









Fig. 1. PRISMA flow chart and selection process
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2.4 Data Collection Process 

A data collection tool was constructed and piloted prior to data collection. The authors and institutions providing the papers will not be concealed through during data collection. Discrepancies were be resolved by discussion between the two reviewers. 

2.4.1 Data Items 

A ‘PICO’ search strategy guided collection of data items.  
Population characteristics including median age and range, indication for treatment, percentage of female participants, mean duration of symptoms and duration of follow-up were also collected. Intervention dose, route of administration, dosage, frequency and duration of treatment were extracted. Similarly, for control interventions, type, route of administration, frequency, dosage and duration were extracted. 
Nasal airway resistance and symptom scores were collected as a numerical value pre and post administration of intervention or placebo.  
Additional data includes author; year and country published, trial design and study size. (Table 2).  

2.5 Outcomes  

The primary end point measured is change in self-reported congestion symptom scores of patients in both the intervention and control groups. This will include details of different symptoms experienced, how many patients in each group experienced these symptoms, and severity. Severe adverse reactions to PE will also be documented.  
Secondary end points include objective measures of nasal airway resistance (NAR) measured by rhinomanometry. NAR is pressure testing of the nose with a manometry device. It can be a useful measure of nasal congestion however may not correlate with symptom severity (Yepes-Nuñez, 2013). As decongestants are a form of symptom relief, symptom scores are used as the primary measure of nasal congestion. 

2.6 Risk of Bias in Individual Studies 

The Cochrane risk of bias tool was used as the framework for included RCT studies in this literature update (Cochrane Library, 2021). 


2.7 Data Synthesis 

If data was appropriate for synthesis, continuous outcomes such as nasal airway resistance and symptom reduction were analysed using weighted mean differences; or standardised mean differences if different measurement scales were used. Dichotomous outcomes such as severe adverse reactions to PE were determined using a relative risk ratio.  

If heterogeneity was substantial, the study design and characteristics of the included studies were carefully considered to identify potential factors that may be the source of the heterogeneity. The identified factors were investigated by performing subgroup analyses.

To ensure that results are consistent, all data analysis were conducted using the Cochrane statistical software Revman (Cochrane Training, 2021). If there was substantial missing data, we attempted to contact the original authors of the study to obtain the relevant missing data. If missing data could not be obtained, and it was problematic regarding risk of bias, we would conduct sensitivity analysis where we excluded the study and compared meta-analysis results with those with the study included. If quantitative synthesis were not appropriate, a narrative synthesis would be provided with information presented in the text and tables to summarise and explain the characteristic findings of the included studies. This included exploration of the relationship and findings both within and between the included studies.  

3. results 

Three randomised placebo-controlled studies that evaluated the decongestive effects of PE were identified for analysis (table 2). All 3 studies were carried out after those included within Hatton et al (Hatton, 2007), which included studies from 1959 to 1975. All studies included in the primary analysis for this review evaluated the efficacy of PE. 2 out of the 3 trials were conducted in the US and one in Austria with sample sizes ranging from 39-575 subjects. Inclusion and exclusion criteria across the studies were very similar, resulting in a highly homogenous patient population.

Horak’s study was performed within the Vienna Challenge Chamber, a controlled laboratory environment to objectively measure nasal inspiratory flow change in response to a standardized allergen within susceptible subjects (Horak, 2009) . Meltzer (2015 and Meltzer (2016)  relied upon study participants taking a home diary of their symptoms. Horak’s study was also in Austria, whereas Meltzer’s two consecutive studies were in the USA, with the resulting differences in patient ethnicity and regional allergen exposure being of unknown significance. Different dose regimens of PE were evaluated, with Horak including 12mg PE, Meltzer (2015) 10, 20, 30, 40mg, and Meltzer (2016) 30mg modified release PE. Whilst this increases heterogeneity to the intervention of oral PE, it does allow for the possibility of dose-ranging analysis. Additionally, the postulation that PE’s efficacy is limited by the maximum FDA approved dose of 10mg may be explored.
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Table 2.	Summary of RCTs

	First author, year
	Study name 
	Study type 
	Country 
	Sample size 
	% Female 
	Age range and median

	Horak, Friedrich, 2009
	A placebo-controlled study of the nasal decongestant effect of PE and pseudoephedrine in the Vienna Challenge Chamber
	RCT (crossover study)
	Austria
	39 patients
	59%
	range 19-46, median 27

	Meltzer, Eli, 2015
	Oral PE HCl for Nasal congestion in seasonal allergic rhinitis: A randomised, open-label, placebo control study
	RCT
	USA
	539 patients with allergic rhinitis
	60.30%
	range 18-77, median 39

	Meltzer, Eli, 2016
	PE hydrochloride modified release tablets for nasal congestion: a randomised, placebo-controlled trial in allergic rhinitis
	RCT
	USA
	575 patients with allergic rhinitis: 288 in PE group, 287 in placebo group
	61.1% in PE, 61.7% in placebo group
	range 18-80, median 40 in PE group; range 18-77, median 41 in placebo group



Table 3.	Interventions and dosing

	First author, year
	Intervention 
	Intervention dose 
	Control 
	Co-intervention 

	Horak, Friedrich, 2009
	PE 
	12mg 
	placebo 
	nil

	Meltzer, Eli, 2015
	PE (plus 10mg loratadine daily)
	10-40mg 
	placebo 
	loratadine 10mg PRN 

	Meltzer, Eli, 2016
	PE (plus PRN 10mg loratadine)
	30mg 
	placebo 
	loratadine 10mg daily



















Table 4.	Symptom score change (primary endpoint)
	First author, year
	Outcome PE: symptom reduction mean + standard deviation 
	Outcome placebo: symptom reduction mean and standard deviation 

	Horak, Friedrich, 2009
	mean 7.1%, (P =0.56)
	Mean = 2.2%, (P=0.56)

	Meltzer, Eli, 2015
	10mg -0.460 ± 0.537, 20mg -0.499 ± 0.504, 30mg -0.508 ± 0.562, 40mg -0.461 ± 0.531, 
	 -0.428 +/- 0.553

	Meltzer, Eli, 2016
	mean 0.394, SD 0.4880 (P =0.265)
	mean 0.412, SD 0.5383 (P=0.265)

















Table 5.	Symptom score baseline; PNIF (secondary endpoint)

	First author, year
	Symptom score baseline
	Mean peak inspiratory nasal flow: PE 
	Mean peak inspiratory nasal flow: placebo 

	Horak, Friedrich, 2009
	PE 2.20, placebo 2.20
	-10/m @ 1hr, -2L/m @ 2hr, -10L/m @ 3hr, -15L/m @ 4hr, -15L/m @ 5hr, -17L/m @ 6hr, 'P=0.94
	-10L/m @1 hr, -10L/m @ 2hr, -5L/m @ 3hr, -12L/m @ 4hr, -17L/m @ 5hr, -16L/m @ 6hr (P=0.12)

	Meltzer, Eli, 2015
	Not provided
	not measured
	not measured

	Meltzer, Eli, 2016
	PE 2.357, placebo 2.271
	not measured
	not measured












Table 6.	Nasal airway resistance reduction (secondary endpoint)

	Author, year
	Treatment duration 
	Follow-up period 
	Adverse events PE  %
	Adverse effects placebo  %
	Adverse effects %
	Dropout rate (%)
	Medication adherence 
	Outcome intervention: NAR mean + standard deviation
	Outcome placebo: NAR mean + standard deviation

	Horak, Friedrich, 2009
	6 hours 
	0
	0
	0
	0
	2.63%
	 100%
	-30cm/s @ 1hr,- 20cm/s @ 2hr, 10cm/s @ 3hr,- 5cm/s        @   4hr,-  -20cm/s   @   5hr,-40cm/s @ 6hr,- (P=0.56)
	90cm/s @ 1hr, 50cm/s @ 2hr, 35cm/s @ 3hr, 30cm/s @ 4hr, 60cm/s @ 5hr, 55cm/s @     6hr,   
 (P=0.87)

	Meltzer, Eli, 2015
	7 days 
	3-4 weeks 
	94 (21.56%)
	 4.85%
	99 (18.4%)
	5.90%
	10mg 79.9 ± 18.0, 20mg 80.5 ± 15.1, 20mg 78.9 ± 19.1, 30mg 77.3 ± 19.9, and 40mg ± 83.7  15.3
	not measured
	not measured

	Meltzer, Eli, 2016
	3.8 days 
	3-4 weeks 
	15.3%
	15.7%
	89 (15.5%)
	0.03%
	99.97%
	not measured
	not measured













Table 8. Risk of bias assessment

	First author + year
	Domain 1
	Domain 2 
	Domain 3 
	Domain 4 
	Domain 5
	Overall risk of bias 

	Horak (2009)
	!
	+
	+
	+
	+
	Low

	Meltzer (2015)
	+
	!
	+
	!
	+
	Some concerns 

	Meltzer (2016)
	+ 
	+
	+
	!
	+
	Low 


 
	Domain 1
	Risk of bias arising from randomisation process

	Domain 2
	Deviations from the intended interventions 

	Domain 3 
	Risk of bias due to missing data 

	Domain 4 
	Risk of bias in measurement of the outcome 

	Domain 5 
	Risk of bias in selection of the reported result 



Findings 
	+
	Low risk 

	!
	Some concerns 

	-
	High risk




The three studies evaluated different dose regimens of phenylephrine, with Horak including only 12mg PE, Meltzer (2015) 10, 20, 30, 40mg, and Meltzer (2016) 30mg modified release PE. 2 out of the 3 trials were conducted in the US and one in Austria with sample sizes ranging from 39-575 subjects. Inclusion and exclusion criteria across the studies were remarkably similar, resulting in a highly homogenous patient population.
An attempt was made to consolidate the findings of the results from these trials together. However, due to different scoring systems and different measures being used the degree of heterogeneity made it impossible to conduct further synthesis such as meta-analysis.

3.1 Subjective effect on nasal congestion scores 

The self-reported decongestive effects of PE in these 3 studies can be seen in table 4. Each study used different symptom scoring systems but were similar in that scores were self-reported and compared to a baseline pre-treatment score for changes in congestion. All three studies demonstrated no statistically significant improvement with PE compared with a placebo in their self-reported symptom scores.

The Horak study found no statistically significant change in rhinomanometry or PNIF in patients with allergic rhinitis treated with a single dose of oral PE. Regarding decreasing nasal congestion score at any evaluation time, the average first 6-hourly baseline decrease nasal congestion score was 7.1% in the PE group compared to 2.2% in the placebo group (P = 0.56). Based on these results no significant effect was seen in the analysis of nasal congestion scores. It was also noted that results between these two groups were similar in the first 4-6 hours after dosing, with scores of 0.19-0.16 and 0.18-0.12 respectively. It is worth noting that the third arm of this study evaluated pseudoephedrine under the same protocols, which did produce a statistically significant reduction in nasal congestion scores and rhinomanometry. 
Meltzer 2016 showed the placebo group mean daily symptom score change was -0.412 (P=0.2655), and -0.394 (P=0.2655) for PEH-MR 30mg. Therefore, PE MR 30mg was found to have no statistically significant reduction of nasal congestion score over placebo in allergic rhinitis patients. The primary end point of the 2015 Meltzer study was the mean change from baseline over the 7-day at-home treatment period in reflective nasal congestion scores. The researchers concluded that none of the active PE treatment groups had any statistically significant change from baseline scores compared to the placebo arm. The mean and the standard deviation change from baseline in nasal congestion scores in the 10mg, 20mg, 30mg, 40mg PE groups and placebo were -0.460 ± 0.537, -0.499 ± 0.504, -0.508 ± 0.562, -0.461 ± 0.531 and –0.428 ± 0.553 respectively. 

3.2 Effect on Nasal Airway resistance

Only one study evaluated the effect PE has on nasal airway resistance which was the randomised 3-way cross over study completed by Horak et al. The results of rhinomanometry and PNIF were consistent with the results of nasal decongestion scores. PE had no significant effect on nasal airflow compared with placebo as evidenced by the rhinometry results (P = 0.12). When the results are averaged over the first 6 hours, PNIF showed no effect on nasal airflow with PE (P=0.94) compared to the placebo. Values of nasal airway resistance between the two groups can be seen in table 6. 

3.3 Adverse reactions

In Horak et al., no significant adverse effects were reported by the participants in the single dose study with no changes in vital signs after administration of treatment. The results of this study illustrate that a single dose of 12mg PE was safe and tolerated well by patients.
In the 2015 Meltzer et al. study, at least 1 treatment emergency adverse event was reported in 89 of 575 patients (15.5%). The most common adverse events were nervous system disorders (23 of 575 [4.0%]). The most common emergency in this group were headaches, occurring in 17 of 575 patients (3.0%), 9 of 288 (3.1%) in the PE group and 8/287 (2.8%) in the placebo group. No significant adverse events, deaths, or discontinuations due to medications were reported. The 2016 Meltzer et al. Study recorded 18.4% of participants having an adverse event, which included headache, dry mouth, and nausea. More serious adverse events were experienced by some participants including chest pain and first-degree heart block, both of which resolved upon PE cessation. Dose related increases in systolic blood pressure and dose related decreases in heart rate were observed on follow up with patients on day 1. 5.9% of participants discontinued early due to adverse effects, loss to follow up and withdrawal. No deaths were reported during the trial. 

4. DISCUSSION

Despite broad inclusion criteria and search strategy in this review update, only three randomised control trials evaluating the decongestant capacity of PE have been published since Hatton’s review. This is alarming considering universal adoption of PE as a safe and efficacious alternative to pseudoephedrine. This may be due to lack of overall interest in the scientific community, and financial disincentive from the perspective of pharmaceutical companies which tend to sponsor such trials. These three studies, in contrast to the previous review, are far more recently published and utilise modern methodologies. Recent publication also means that more detailed analysis of the studies is possible in this review update, whereas Hatton et al. state that many of their trials were missing data or lacked detailed protocols. As was the case with Hatton’s systematic review, included studies used varying methodologies, scoring systems, and statistical analysis, meaning that patient-reported data could not be aggregated and only the results of the statistical hypothesis testing of observed changes within each study are presented. 

The primary end point was consistent across the studies, being the mean change in subjective symptom score from baseline. Horak also included secondary end points of change in rhinomanometry and peak nasal inspiratory flow (PNIF). However, duration of treatment varied, with Horak analysing a 6-hour treatment period within a controlled environment (Vienna Challenge Chamber), Meltzer 2015 3.8 days, and Meltzer 2016 7-day treatment period. In the Meltzer trials, patients self-administered either intervention or placebo at home over this time and were also responsible for completing daily symptom scores.

Whilst these studies were reasonably well conducted there were several areas of concern that could have led to issues regarding bias. In Horak et al, the use subjective measurements such as nasal congestion scores and symptom questionnaires is susceptible to recall bias. It was noted during the study that there was evidence of recall bias favouring the effect of pseudoephedrine over the placebo and phenylephrine groups. This problem was also identified in the Meltzer 2015 and 2016 studies. There was moderate risk of bias in Meltzer et al. (2015) due to concerns in several areas. The authors of this trial noted some patients were potentially aware of what drug they were receiving during the trial (open label). This was because the intervention (phenylephrine) and placebo pill were not identical. it was identified during this trial that there was concomitant use of a loratadine decongestant which could have impacted the outcomes of the trial.  

This review has some limitations. Efficacy outcome measures heavily relied on patient symptomatic scores and diary entries rather than objective measures, the exception being Horak et al. It must also be noted however that the studies assessed in this report solely focused on patients with nasal congestion in association with allergic rhinitis. The results of this study however could conceivably generalise to individuals with nasal congestion from other causes such as the common cold or sinusitis.  

5. Conclusion

This systematic review found no evidence for the efficacy of oral phenylephrine as a decongestant. The three randomised control trials within this study demonstrated no statistically significant improvement with phenylephrine compared to placebo. This is demonstrated by the lack of statistically significant reduction in subjective symptom scores across the three studies. This hypothesis is further supported by lack of any change in objective measures of decongestion such as rhinomanometry in the Horak study.  

Whilst the pharmacological principles behind this use of PE are sound, this does not seem to result in clinically significant patient outcomes. Reasons for this may include its relatively low bioavailability when taken orally. 

Given that PE may lead to serious, albeit rare adverse effects, combined with ongoing failure to demonstrate efficacy, its widespread use is likely to cause more harm than good. At the commencement of the Therapeutic Goods Act 1989 in February 1991, many products then on the market were added to the ARTG (“grandfathered”). At the time, it was indicated by TGA that these products would be reviewed as required and when resources allowed (McEwen, 2007). Based on this review, we recommend that the TGA review the efficacy and safety of this common ingredient in decongestant products.
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