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Abstract: An estimated one million individuals in the US are diagnosed with herpes zoster 

(HZ; shingles) each year. Approximately 20% of these patients will develop postherpetic neu-

ralgia (PHN), a complex HZ complication characterized by neuropathic pain isolated to the 

dermatome that was affected by the HZ virus. PHN is debilitating, altering physical function 

and quality of life, and commonly affects vulnerable populations, including the elderly and the 

immunocompromised. Despite the availability of an immunization for HZ prevention and several 

approved HZ treatments, the incidence of PHN is increasing. Furthermore, management of the 

neuropathic pain associated with PHN is often suboptimal, and the use of available therapeutics 

may be complicated by adverse effects and complex, burdensome treatment regimens, as well 

as by patients’ comorbidities and polypharmacy, which may lead to drug–drug interactions. 

Informed and comprehensive assessments of currently available pharmacological treatment 

options to achieve effective pain control in the primary care setting are needed. In this article, 

we discuss the situation in clinical practice, review currently recommended prevention and 

treatment options for PHN, and outline practical considerations for the management of this 

neuropathic pain syndrome, with a focus on optimal, individual-based treatment plans for use 

in the primary care setting.
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Postherpetic neuralgia
Postherpetic neuralgia (PHN), a neuropathic pain syndrome resulting from damage to 

nerve fibers, is the most common complication of herpes zoster (HZ; shingles), and 

the cause of the greatest HZ-related burden of illness.1–3 HZ is a viral disease caused 

by the reactivation of varicella zoster virus (VZV) that had remained latent in sensory 

ganglia since the primary infection (chicken pox), and is characterized by a painful skin 

rash, usually limited to the area innervated by a single sensory ganglion (Figure 1).4,5 

PHN is usually diagnosed in individuals who have recovered from the HZ skin rash 

but who have continued to experience pain for at least 3 months, although for some 

patients pain can persist for years.1–3,6

PHN pain occurs in the same dermatomes as the HZ rash, and is likely the result 

of damage to the nervous system (which may include deafferentation, peripheral 

and/or central sensitization, myelin destruction, inflammation, and signaling errors 

in the brain) that occurred during the proliferation and spread of the virus during the 

acute HZ infection.1,3,7 The syndrome has consequences permeating multiple aspects 

of patients’ lives, affecting their sleep, concentration, and mood, as well as impacting 
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Figure 1 Herpes zoster (shingles) rash. 
Notes: Herpes zoster (shingles) rash consists of painful skin blisters that erupt 
usually on only one side of the body along the distribution of a nerve on a single 
dermatome. Typically, this occurs along the chest, abdoment, back, or face, but it may 
also affect the neck, limbs, or lower back. © 2005 The McGraw Hill Companies, inc. 
images from wolff K, Johnson R, Fitzpatrick TB. Fitpatrick’s color atlas and synopsis of 
clinical dermatology. 5th ed. New York; McGraw-Hill education; 2005.66

PHN prevention

PHN management

• Varicella vaccination against chicken pox in all children
  under 13 years and for everyone 13 years or older who
  has never had chicken pox

• Vaccination against HZ in individuals 50 years or older

• Gabapentinoids: 

 Immediate-release gabapentin Amitriptyline

Nortriptyline

Desipramine

 Gastroretentive gabapentin

 Gabapentin enacarbil

 Pregabalin

• Tricyclic antidepressants:   

• Opioids:   

• Capsaicin 0.075% cream

Oxycodone

Morphine

Methadone

Tramadol

• Gabapentin and nortriptyline

• Gabapentin and morphine

• Pregabalin and 
  lidocaine 5% patch

• Lidocaine 5% patch

First-line
therapy

Second- or
third-line
therapy

• Capsaicin 8% patch

FDA-approved

FDA-approved Not FDA-approved Combination therapy

Figure 2 Current postherpetic neuralgia (PHN) prevention and treatment options.
Abbreviations: FDA, US Food and Drug Administration; HZ, herpes zoster (shingles).

their physical functionality by interfering with activities of 

daily living.8,9

As many as 20% of patients with HZ develop PHN. Major 

risk factors include advanced age and decreased immunity.1,10–12 

Approximately half of all PHN cases occur in persons older 

than 60 years. Therefore, the incidence of HZ and risk of PHN 

is likely to increase as the population ages.13,14 The declining 

cell-mediated VZV immunity from immune senescence also 

contributes to the observed increased prevalence of PHN in the 

elderly.15,16 Finally, the severity of the acute HZ infection and 

the presence of a notable prodrome have also been associated 

with increased likelihood of experiencing PHN.1,10–12

Practical considerations  
for management of PHN
For primary care providers, PHN may not present as a distinct 

entity but rather an extension of the original HZ infection, and 

monitoring for a global condition affecting multiple aspects of 

patients’ lives rather than for a localized post-HZ pain is para-

mount. Thus, practical management of PHN can be divided 

into prevention and treatment of HZ, and the more challeng-

ing task of managing the neuropathic pain syndrome and its 

consequences once PHN has developed (Figure 2).17,18

To date, no cure for PHN exists, only treatments that are 

palliative and that may shorten the duration and severity of 

the pain. Therefore, vaccinations to prevent initial chicken 

pox and thus VZV from ever gaining a foothold in the body in 

the first place, or vaccinations to prevent reactivation of VZV 
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already present in the body remain a priority; however, there 

are uncertainties about the vaccines’ duration of protection 

and/or how frequently booster can be given.19–21 For patients 

who were exposed to VZV and who contracted acute HZ, 

the primary care provider may use antivirals, analgesics, or 

corticosteroids to decrease acute pain and possibly decrease 

the risk of developing PHN.17,22,23

Despite the availability of vaccination, a communication 

gap between primary medical providers and patients hinders 

satisfactory prevention of VZV and HZ. PHN incidence is 

on the rise, the effective management of PHN remains an 

ongoing challenge, and no single best therapy has yet been 

identified.24,25 Current guidelines for management of PHN 

pain recommend gabapentinoids (gabapentin and pregabalin), 

tricyclic antidepressants (TCAs), opioids, topical agents, and 

combination therapies with different mechanisms of action 

(Figure 2).26–28 However, the US Food and Drug Administra-

tion (FDA) has only approved four oral systemic medications, 

all of which are gabapentinoids, and two topical analgesics 

specifically for the management of pain associated with 

PHN (Figure 2).

A carefully devised, individually based treatment plan 

is critical to ensure optimal outcomes in the management 

of PHN. Pain and its interference with daily activities are 

subjective symptoms and difficult to manage effectively, 

even more so in older patients, who are predominantly 

afflicted with PHN, and who are more likely to have multiple 

chronic health issues and declining function and frailty.29,30 

A significant number of patients who develop chronic 

pain associated with PHN do not receive evidence-based, 

recommended treatment modalities, leaving many patients 

undertreated and dissatisfied with the treatment.24,31,32 To 

ensure optimal results, the initial choice of PHN pain 

therapy should be guided not only by drug efficacy but also 

by the patient’s comorbidities, severity of PHN pain, the 

drugs’ adverse-event and drug-interaction profiles, titration 

regimen, and patient preference, especially since no single 

therapy has demonstrated superior effectiveness. Because 

PHN is a complex condition and should not be simplified 

to a localized area of pain, the most practical therapeutic 

approach may involve a systemic medication or combination 

therapy rather than topical analgesics alone. Finally, clear 

communication with the patient and frequent monitoring of 

adverse reactions and patient satisfaction with the treatment 

should be established.

Adverse effects can be a major limiting factor for many 

therapies. TCAs have anticholinergic adverse effects, and 

may cause balance problems and cognitive impairment in 

elderly patients.33,34 In addition, the recently published update 

of the Beers criteria by the American Geriatrics Society35 

identified TCAs as a class of drugs to avoid in older adults. 

Elderly patients treated with opioid analgesics can experience 

mobility problems, increased risk of hip fracture, and cogni-

tive impairment.30,33,36 Also, given the complexity of opioid 

management, the American Pain Society and American 

Academy of Pain Medicine have suggested cautious initiation 

and titration of opioids in frail older persons or those with 

comorbidities.37 Gabapentinoids have a better safety profile 

than other oral therapeutics, although they can be associated 

with high incidence of dizziness, swelling, confused think-

ing, and somnolence.

Other factors, such as titration and treatment regimen, 

drug interactions, drug efficacy, and modes of administration 

or application, can also limit the use of several PHN treatment 

options. Topical agents, especially the lidocaine 5% patch, 

have a favorable safety profile, but they can be impractical 

for PHN involving the head and face, can have a burdensome 

application regimen (ie, capsaicin cream and patch), and can 

be ineffective as a monotherapy. Gabapentinoids can have 

complex and burdensome titration schedules often based on 

three-times-daily dosing. Among new formulations, gastrore-

tentive gabapentin can simplify the patient’s daily medication 

burden, improve patient acceptance and compliance with 

simpler once-daily dosing, and lower incidence of adverse 

events compared with other gabapentinoids. Furthermore, 

both topical lidocaine patches and gabapentinoids are good 

candidates for combination therapy, due to their low propen-

sity for interactions with other drugs.

PHN prevention
vaccination
With continued widespread use of varicella vaccine 

(Varivax®; Merck, Whitehouse Station, NJ, USA)38 in child-

hood, primary medical providers may expect to prevent initial 

VZV infection (chicken pox) and subsequent HZ (shingles) 

later in life, but varicella vaccine failed to provide long-term 

protection from VZV.19 One approach to the prevention of 

PHN in those already harboring VZV involves the admin-

istration of the VZ vaccine (Zostavax®; Merck), which has 

been approved by the FDA for individuals 50 years of age or 

older.39 The Zostavax® vaccine, which activates specific T-cell 

production and thus prevents viral reactivations, was found to  

be effective in reducing the burden of illness due to HZ, inci-

dence of HZ, and incidence of PHN, and was well tolerated, 

with minor systemic and injection-site adverse events.20,40,41 

However, despite the promising results of immunization, data 
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are still insufficient to support long-term prevention of HZ 

and PHN, and similarly to varicella vaccine, the zoster vac-

cine protection my wane over time.18,20,21,42 Also, the vaccine 

remains widely underused, mainly due to the surprising lack 

of vigilant recommendation by primary care providers as well 

as lack of awareness of HZ and the HZ vaccine.43,44

Treatment of HZ
Although still controversial, early treatment of HZ with anti-

viral agents may decrease the risk of developing or duration 

of PHN.45 Three antiviral agents are approved in the US for 

the treatment of HZ: acyclovir (Zovirax®;  GlaxoSmithKline, 

Brentford, UK), famciclovir (Famvir®; Novartis Pharma-

ceuticals Corporation, East Hanover, NJ, USA), and valacy-

clovir (Valtrex®; GlaxoSmithKline).46–48 To limit the amount 

of viral replication and reduce the duration of the HZ rash, 

antivirals should be administered within 72 hours of rash 

onset.49 They may be beneficial as long as new lesions are 

actively being formed, which is important to note, since in 

clinical practice the diagnosis of HZ is rarely made within 

72 hours. However, the safety and efficacy of antivirals 

in treating HZ or preventing PHN more than 72 hours after 

rash onset have not been established.46–48

Antivirals alone are not sufficient to relieve the acute 

pain associated with HZ. Mild-to-moderate pain can be con-

trolled with a short-acting opioid with acetaminophen or a 

nonsteroidal anti-inflammatory agent, and gabapentinoids, 

followed by a TCA, can be added for more severe acute pain. 

Furthermore, the combination of gabapentin and valacyclovir 

administered acutely in patients with HZ may reduce the 

incidence of PHN.50 Although not recommended routinely 

for treatment of HZ and most likely ineffective in preventing 

PHN, corticosteroids are often considered in clinical practice 

for HZ patients with limited contraindications.17,22,23,51

PHN management
Therapies approved by the FDA
Oral therapies
Gabapentinoids (also known as calcium channel α2-δ 

ligands) are the only oral medications to date approved by the 

FDA for the management of PHN, and they are an effective 

and one of the most commonly used first-line therapies for 

chronic PHN pain (Figure 2). As gabapentinoids are excreted 

by the kidneys, dosages should be adjusted according to 

creatinine clearance in patients with renal impairment.

For immediate-release gabapentin (generic gabapentin 

or Neurontin®; Pfizer, New York, NY, USA), three-times-

daily dosing is recommended (Table 1).52 Although in 

clinical  practice, alternate dosing may be prescribed, the 

 recommended number of daily doses should not be exceeded. 

The most effective therapeutic dosage of immediate-release 

gabapentin is 1,800 mg/day,53 while additional benefit of 

using greater dosages was not demonstrated, and long titra-

tion times to reach this optimal dosage may be required.52 

A retrospective study of medical claims revealed patients 

took on average 10 weeks to reach 1,800 mg/day immediate-

release gaba pentin, and only 14% of patients reached the 

target dosage.54 Immediate-release gabapentin has been 

associated with a relatively high rate of adverse events (28% 

of patients reported dizziness and 21% of patients reported 

somnolence in clinical trials).52

Treatment with immediate-release gabapentin may be 

inadequate, due to intolerable drug side effects, long titration 

periods to reach therapeutic dosages, and low compliance with 

frequent daily dosing. To improve the efficacy, safety, and tol-

erability of PHN therapy through simplified dosing regimens 

and shorten titration periods, two extended-release formula-

tions of gabapentin were developed and recently approved by 

the FDA for the treatment of PHN: gastroretentive gabapentin 

(Gralise®; Depomed, Newark, CA, USA), approved in 2011,55 

and gabapentin enacarbil (Horizant®; XenoPort, Santa Clara, 

CA, USA), approved in 201256 (Table 1). The dosing regimen 

for gastroretentive gabapentin is reduced to once daily, and 

a majority of patients (over 90%) reach therapeutic dosage 

within 2 weeks.57 Gabapentin enacarbil is dosed twice daily 

with a 4-day to 1-week titration period.58 Neither of these new 

formulations was directly compared to the immediate-release 

gabapentin, but gastroretentive gabapentin was associated 

with fewer adverse events in clinical trials (11% for dizziness 

and 5% for somnolence),55 while similar incidence of adverse 

events was reported for gabapentin enacarbil (22% for dizzi-

ness and 27% for somnolence).55,56

Pregabalin (Lyrica®; Pfizer) is a successor to immediate-

 release gabapentin, approved for the treatment of PHN in 

2005.59 It is dosed two or three times a day and requires a 

1-week titration (Table 1), although a retrospective study of 

medical claims revealed patients required 5–9 weeks to reach 

therapeutic dosages.59 In clinical trials, pregabalin was associ-

ated with slightly higher rates of adverse events than immediate-

release gabapentin (approximately 29% of patients reported 

dizziness and 18% of patients reported somnolence).59

Topical therapies
Two FDA-approved topical therapies are available for PHN 

treatment: the lidocaine 5% patch (Lidoderm®; Endo, Chadds 

Ford, PA, USA)60 as a first-line therapy, and the capsaicin 8% 

patch (Qutenza®; Acorda Therapeutics, Ardsley, NY, USA)61 

as a second-line therapy (Figure 2). The lidocaine 5% patch 
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Table 1 Recommended dosages and side effects of medications for treating postherpetic neuralgia (PHN) pain

Therapy Dosage Most common adverse effects

Gabapentinoids
Gabapentin 1,800–3,600 mg/day, three times a day, variable titration Dizziness, somnolence, peripheral edema,  

diarrhea, dry mouth; warning for increased risk  
of suicidal thoughts

Gastroretentive gabapentin 1,800 mg once daily, 2-week titration
Gabapentin enacarbil 1,200 mg/day, twice daily, 4-day to 1-week titration
Pregabalin 150–600 mg/day, two or three times a day; 1-week titration

Tricyclic antidepressants
Nortriptyline Up to 150 mg/day; multiple daily dosing; variable titration Cardiotoxicity (arrhythmias, heart block,  

myocardial infarction), anxiety, confusion,  
sedation, blurred vision, dry mouth, constipation,  
urinary retention; warning for increased risk of  
suicidal thoughts

Desipramine
Amitriptyline

Opioids
Oxycodone variable dosage and titration; no maximum dosage indicated,  

but morphine equianalgesic dosages exceeding 120 mg/day are  
not recommended; convert to long-acting opioid as needed  
when pain becomes chronic (for patients requiring therapy for  
few weeks) and continue short-acting agent as needed

Constipation, nausea, vomiting, anorexia,  
seizure threshold decreased, sedation, dizziness, 
confusion, dependence

Morphine
Methadone

Tramadol 100–400 mg/day, multiple daily dosing, variable titration

Topical agents and creams
Lidocaine 5% patch Up to three patches per day Application-site mild reactions (erythema, 

pruritus)
Capsaicin 8% patch Up to four patches for 1 hour every 3 months or longer;  

needs to be administered by a physician or trained personnel;  
a topical anesthetic is applied to the affected area before  
capsaicin patch

Application-site reactions (pain, burning, 
erythema, pruritus, papules)

Capsaicin 0.075% cream 3–5 times per day

provides modest pain relief for some patients in comparison to 

oral therapies, but it has a favorable safety and tolerability pro-

file (Table 1). The capsaicin 8% patch has shown only minimal 

analgesic efficacy in patients with PHN.18 Initial pain during 

treatment with the capsaicin patch is a significant problem, and 

topical anesthetic is recommended before  application. Also, 

the capsaicin 8% patch needs to be administered by or under 

close supervision of a medical provider or trained personnel, 

as capsaicin is a highly irritant material.61

Therapies not approved by the FDA
Oral therapies
Tricyclic antidepressants
Although not approved by the FDA, TCAs have been com-

monly used for the treatment of pain associated with PHN 

since the early 1980s. Amitriptyline, nortriptyline, and 

desipramine are antidepressants currently recommended as 

first-line therapies (Figure 2). Clinical experience indicates 

that TCAs can be efficacious in relieving neuropathic pain, 

although they display a relatively slow onset of action, and 

the medical literature shows that they do not work as well 

in patients with certain types of pain common in PHN 

(ie,  burning pain or allodynia).18,62 TCAs are often poorly 

tolerated, and are associated with significant systemic adverse 

events and cardiac toxicity (Table 1), which require consider-

able caution when treating older patients, the population that 

is the most prevalent for developing PHN. Amitriptyline is 

the most widely prescribed TCA, but desipramine and nor-

triptyline are associated with fewer side effects.18,33,63

Opioids
Natural and synthetic opioids (eg, oxycodone, morphine, 

methadone, and tramadol) are used in PHN management, 

although they are not approved by the FDA for that indication 

(Figure 2). They are available as fast-acting (2−6 hours of 

analgesia) or as long-acting (8−24 hours of analgesia). Great 

concern exists regarding the risks of side effects, the possibil-

ity of misuse, and potential for abuse or diversion associated 

with opioids, and they have been recommended as a second-

line therapy for the treatment of pain associated with PHN 

(Table 1).18 Also, patients will develop physical dependence, 

and opioid analgesics must be used cautiously.

Topical therapy
Similarly to the capsaicin 8% patch, over-the-counter cap-

saicin 0.075% cream has shown minimal analgesic effect in 

patients with PHN, and it is recommended as a second- or 
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third-line therapy (Figure 2).18 Initial pain during treatment 

with capsaicin cream, which has to be applied multiple times 

daily, is the leading cause of treatment discontinuations.64

Combination therapies
A single drug is not capable of modifying all of the complex 

pain mechanisms that underlie PHN, and thus may not pro-

vide sufficient pain relief. Consequently, the use of at least 

two therapies with different, complementary mechanisms of 

action that target multiple sites along the PHN pain pathway 

(Figure 2) may result in better analgesia.27,28 In addition, it 

may be important to consider how therapeutics act on the 

ascending spinothalamic pain pathway (which communicates 

from the body to the brain, initiating the conscious realiza-

tion of pain) or the descending corticospinal pain pathway 

(which communicates from the brain to the body, inhibiting 

pain). For example, there is logic to using gabapentin to calm 

the ascending pain pathway and decrease pain, and TCAs to 

enhance the descending pathway and modulate pain, or to 

using gabapentin and the topical lidocaine patch, which both 

affect the ascending pain pathway, with gabapentin affect-

ing central sensitization and lidocaine affecting peripheral 

sensitization.

The most attractive agents for combination therapies 

are gabapentinoids and topical analgesics, due to their 

low propensity for interactions with other drugs.52,55,56,59–61 

The combination of pregabalin and the lidocaine 5% patch 

was effective in patients with PHN who did not previously 

respond to either medication as monotherapy, and the 

treatment was generally well tolerated, with most adverse 

events attributed to pregabalin.18 Clinical studies suggest that 

gabapentin combined with nortriptyline or morphine yields 

better reduction in PHN pain than either agent alone.18 The 

rate of adverse events was not higher for combined therapies 

than for monotherapies in clinical studies, but the rate of 

drug-specific adverse events remained high, especially for 

the TCA and opioid.18

Clinical practice
Primary care is essential and frequently the front line in 

the diagnosis and treatment of PHN. Drug costs and insur-

ance plans are an unfortunate reality in clinical practice, 

and are often major considerations and limiting factors in 

the management of PHN. Thus, because of cost, generic 

immediate-release gabapentin is often the first-choice 

medication. Unfortunately, the most effective dosage of 

1,800 mg/day is frequently not attained,54 which may leave 

patients undertreated. This may occur because treatment is 

terminated if any adverse events occur, or because in their 

attempt to avoid such adverse events as dizziness and som-

nolence, practitioners are tentative in the titration regimen 

they use. Although in certain patients, significant reductions 

in pain can be achieved at immediate-release gabapentin dos-

ages lower than 1,800 mg/day, regular evaluations are crucial 

to ensure these patients continue to receive an adequate 

therapeutic response with lower dosages over time.

With failure of generic immediate-release gabapentin, 

other formulations of gabapentin are usually considered 

(most insurance plans will cover gastroretentive gabapentin 

or pregabalin). At this point, the most optimal choice should 

be based not just on costs but also on the profile of adverse 

events and ease of titration. The lidocaine 5% patch may 

be used in combination with any gabapentinoid for better 

management of pain, although it is expensive. The lidocaine 

5% patch seems a better choice than the capsaicin 8% patch, 

which is not only expensive but also painful and not practical, 

as its application takes several hours of medical providers’ 

and patients’ time. Patients who have failed attempts at treat-

ment may be referred to a specialty pain practice, where the 

approach is often to retry medications at lower dosages to 

avoid adverse events, or to get patients to therapeutic dosages 

to evaluate whether they had a true therapeutic failure or an 

inadequate trial leading to unsuccessful treatment. However, 

only a small proportion of patients suffering from PHN con-

sult specialty care, so many of them remain undertreated and 

dissatisfied with the treatment. Thus, the ideal therapeutic 

approach may be better utilization of available treatment 

options and careful evaluation of PHN management at the 

level of primary care.

As the Patient Protection and Affordable Care Act is 

being implemented, a sizable physician shortage is pre-

dicted, and physician assistants and nurse practitioners are 

predicted to fill the gap in primary care.65 Therefore, more 

mid-level providers may coordinate the acute treatment of 

HZ in urgent-care settings or primary care offices, and they 

will be responsible for the surveillance and management of 

PHN. PHN is a complex condition, is difficult to treat, and 

requires a methodical therapeutic approach, and physician 

assistants and nurse practitioners are critical in coordinating 

team-based and patient-centered care.

Conclusion
Optimal management of pain in PHN patients is complex and 

difficult. Although there are several therapeutic options, PHN 

treatment is often inadequate, leaving patients undertreated. 

Better utilization of available options and multimechanistic 
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approaches to PHN management based on the patient’s 

individual characteristics may be the most beneficial. 

Primary care plays a crucial role in the development and 

implementation of the PHN treatment plan, and establishing 

effective communication with patients. Well-devised and 

well-executed PHN therapy will not only ensure sufficient 

pain relief but will also facilitate improvements in patients’ 

physical and psychosocial functions.

We conducted a comprehensive literature search for 

peer-reviewed articles about HZ and PHN using the PubMed 

search engine and relevant Medical Subject Headings 

(MeSH) terms and keywords. Identified studies included 

those that evaluated the treatment of HZ and/or PHN in 

terms of efficacy and safety. The same search was repeated 

for review articles, including meta-analyses and systematic 

reviews. Additional searches included bibliographies of the 

retrieved articles, and Medline searches using the names 

of authors who had published several articles on HZ or 

PHN. We first reviewed titles and abstracts for relevance, 

and selected articles were then reviewed on their entirety. 

Included articles were English-language studies, addressed 

epidemiology and burden of HZ, were prospective or ret-

rospective studies that provided clinical information on 

treated patients, provided detailed methodology and clear 

outcome measures, demonstrated treatment/prevention 

of HZ or PHN as a primary purpose, and described treat-

ments feasible for an outpatient setting approved by the 

FDA or adhering to current guidelines on the care of PHN 

patients.26–28 Studies and reviews that included other condi-

tions were only included if results were reported separately 

for each condition. Studies that described case reports or 

case series were excluded.
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