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Herpes Simplex Reactivation After Surgical Treatment of Trigeminal Neuralgia: A

Retrospective Cohort Study

Luigi Valentino Berra’, Daniele Armocida’, Alessandro Pesce>*, Andrea Di Rita®, Antonio Santoro’

BACKGROUND: Herpes simplex virus (HSV) reactivation
after surgery for trigeminal neuralgia has long been recog-
nized. Only a few studies to date have focused on this
complication, and its actual incidence remains unknown.
The aim of this study was to investigate the incidence of
postoperative herpes labialis (HL) in a cohort of patients
treated with either percutaneous balloon compression or
microvascular decompression to identify potentially signif-
icant differences between different treatments.

METHODS: A total of 92 patients who were operated on
for TN with microvascular decompression (group A) or
percutaneous balloon compression (group B) in the period
2010—2017 were retrospectively evaluated. The 2 sub-
groups of patients were compared according to history of
previous HL and incidence of postoperative HL.

RESULTS: The final cohort comprised 56 male and 36 fe-
male patients. Average age was 58.50 years; 30 male patients
belonged to group A and 26 male patients belonged to group
B. Lifetime incidence of episodes of HL before surgery in 18/
58 patients in group A (31.0%) and 12/34 patients in group B
(35.3%), with no statistically significant difference among
subgroups. Postoperatively, 1/56 patients in group A (1.7%)
experienced HL compared 5/34 patients in group B (14.7%),
with a strongly statistically significant difference between
the 2 subgroups.

CONCLUSIONS: In our clinical experience, herpes simplex
virus reactivation after surgery for trigeminal neuralgia is not
so rare and is still not completely understood. Postoperative
herpes simplex virus reactivation could be due to a direct

mechanical injury on gasserian ganglion neurons, which is
more common after percutaneous balloon compression.

INTRODUCTION

he reactivation of herpes simplex virus (HSV) after surgical
treatment of trigeminal neuralgia (TN) was first reported in

1905 by Cushing.” However, only a few studies to date have
focused on this complication, and its actual incidence remains
unknown. It has been suggested that HSV could be involved in
the pathogenesis of TN and/or that surgical efficacy could depend
on HSV reactivation.”™ The literature reports HSV reactivation
after microvascular decompression (MVD), percutaneous balloon
compression (PCB), surgical and radiofrequency rhizotomy, and
glycerol neurolysis, although actual recurrence after these proced-
ures is not well defined.” It has been suggested that postsurgical
HSV reactivation is a marker of the effect that the different
treatments have on the trigeminal ganglion, but the actual effect
along with its pathogenesis and its clinical impact has been
poorly understood. The present study reports our experience with
surgical management of TN concerning specifically the incidence
of postoperative herpes labialis (HL) in a wide cohort of
patients treated with either PBC or MVD to identify possible
significant differences between the different treatments regarding
postoperative reactivation of the viral cytolytic effect.

MATERIALS AND METHODS

Study and Setting
In this retrospective observational cohort study, a retrospective
analysis was performed of the incidence of postoperative HL as a

Key words

Herpes labialis

Herpes simplex

Microvascular decompression
Percutaneous balloon compression
Treatment

Trigeminal neuralgia

Abbreviations and Acronyms

HL: Herpes labialis

HSV: Herpes simplex virus

MVD: Microvascular decompression
PBC: Percutaneous balloon compression
TN: Trigeminal neuralgia

From the "Neurosurgery Division, Human Neurosciences Department, and 2Neurosurgery
Division, NESMOS Department, Sapienza University of Rome, Rome, *Azienda Universitario-
Ospedaliera Sant'Andrea, Rome; and *Neurosurgery Division, San Carlo Borromeo Hospital,
Milan, Italy

To whom correspondence should be addressed: Daniele Armocida, M.D.
[E-mail: danielearmocida@yahoo.it]

Citation: World Neurosurg. (2019) 127:¢16-e21.
https.//doi.org/10.1016/j.wneu.2019.01.226

Journal homepage: www.journals.elsevier.com/world-neurosurgery
Available online: www.sciencedirect.com
1878-8750/% - see front matter © 2019 Published by Elsevier Inc.

E16 WWW.SCIENCEDIRECT.comM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2019.01.226


http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2019.01.226&domain=pdf
mailto:danielearmocida@yahoo.it
https://doi.org/10.1016/j.wneu.2019.01.226
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.01.226

LUIGI VALENTINO BERRA ET AL.

ORIGINAL ARTICLE

HERPES SIMPLEX AND TRIGEMINAL NEURALGIA: A CLINICAL LINK

postoperative complication occurring after different surgical treat-
ments of a cohort of patients with TN who underwent surgery
between 2010 and 2017 in neurosurgical departments of the Policli-
nico Umberto I University Hospital of Rome and the San Carlo
Borromeo Hospital of Milan. The study was approved by the insti-
tutional review board. Before the surgical procedure, all patients gave
informed written consent after receiving appropriate information.
Data reported in the study have been completely anonymized. The
different treatments were not randomized, but rather performed ac-
cording to surgical indications as detailed subsequently. Data were
collected by an independent researcher, who reviewed the radiologic
and clinical records. This researcher was aware of the treatment
modality (MVD or PBC) but was blinded to the objective of the study.
Patient data (age, sex, presence or absence of an obvious neu-
rovascular conflict, neurologic status before and after surgery,
preoperative and postoperative incidence of HL) were recorded.
TN diagnosis was verified according to the usual clinical criteria
(presence of trigger points, plain neurologic examination of cra-
nial nerve V function, paroxysmal pain). Drug resistance, defined
as a failure in pain control with carbamazepine at a maximum
dosage of 1200 mg per day for 6 months, was also verified.

Participants and Eligibility

From the initial cohort of surgically treated patients with TN, we
excluded patients whose preoperative and postoperative radiologic
investigations and surgical and clinical records were incomplete
from the final cohort. We also excluded patients whose length of
follow-up was shorter than 1 year or whose clinical records after 1
year were incomplete.

All patients included in the present cohort underwent a similar
dedicated follow-up protocol that consisted of postoperative
examinations at 1 month, 6 months, and 12 months. Thereafter, in
the absence of further problems, the patients were re-evaluated
once per year. The clinical events collected for the present study
encompass the first 12 months of follow-up.

A total of g2 patients met the aforementioned inclusion and
exclusion criteria, and their clinical records were retrospectively
re-evaluated for this study. Of 92 patients, 58 received MVD and
were assigned to group A, and 34 received PBC and were assigned
to group B.

All included patients underwent preoperative brain magnetic
resonance imaging including a high field 1.5T or 3.0T volumetric
study with the following sequences before and after intravenous
administration of paramagnetic contrast agent: T2-weighted,
isotropic volumetric Tr-weighted magnetization-prepared rapid
acquisition gradient echo, and fluid attenuated inversion recovery.
Angiographic contrast-enhanced magnetic resonance imaging and
constructive interference in steady state completed the protocol for
TN investigations.

All MVD procedures (group A) were performed according to the
technique reported by McLaughlin and Jannetta® using
polytetrafluoroethylene (Teflon) balls. The patients who underwent
this technique had a primary form of TN, and magnetic resonance
imaging showed a neurovascular conflict. All procedures were
performed with a Leica MgooN OHS-1 Operative Microscope (Leica
Microsystems GmbH, Wetzlar, Germany). All PBC procedures (group
B) were performed according to the technique reported by Mullan and
Lichtor.” The patients who underwent this technique had secondary

TN or pain recurrence after a first MVD procedure. For both
subgroups, a standard total intravenous anesthesia protocol with
propofol (1 mg/kg) and remifentanil (0.5 pg/kg/minute) was used.
Muscle relaxants were routinely administered.

The clinical history of previous HL was recorded for every patient
included in the final cohort in dichotomous fashion (o/r—no/yes).
The incidence of postoperative HL was considered in the time span
of the clinical follow-up and recorded in a similar dichotomous
fashion (o/r—no/yes). The treatment performed was also consid-
ered as a dichotomous variable. HL was diagnosed clinically.

Statistical Analysis and Potential Source of Bias

The sample was analyzed with SPSS Version 18 software (SPSS Inc.,
Chicago, Illinois, USA). Comparisons between nominal variables
were made with (* test odds ratio with respective confidence in-
terval completing the first level examination. Wilcoxon signed rank
and McNemar tests were performed to identify treatment-related
significant differences in the postoperative incidence of HL.
Threshold of statistical significance was considered P < o0.05. A
potential source of bias is expected from narrowness of the sample,
which nevertheless, concerning the endpoints selected, presents an
excellent post hoc statistical estimated power (1 — B = 0.9o2 for
o, = 0.05 and effect size = 0.643).

RESULTS

Descriptive Data

Between 2010 and 2017, 92 patients with TN underwent surgery and
were retrospectively evaluated for this study. The final cohort con-
sisted of 56 men and 36 women with average age 58.50 years; 30
male patients belonged to group A, and 26 male patients belonged
to group B. The lifetime incidence of episodes of HL before surgery
was 18 of 58 patients in group A (31.0%) and 12 of 34 patients in
group B (35.3%). Postoperative incidence of HL was 1 of 56 (1.7%)
patients in group A and 5 of 34 patients (14.7%) in group B.

Outcome Data and Main Results

Asstatistically significant association between PBC treatment and the
incidence of postoperative HL was found (P = 0.025) (Figure 1). In
our cohort, PBC treatment was more likely to be associated with
postoperative HL. Conversely, there was no statistically significant
association between preoperative history of HL and the different
treatments (P = 0.422) (Figure 2). There was also no statistically
significant difference between the age of patients who had
preoperative HL and the patients who did not. Moreover, there
was no statistically significant difference concerning age of
patients between the 2 subgroups A and B. Sex showed no
statistically significant association with preoperative incidence of
herpetic symptoms, whereas there was a statistically significant
association between male sex and a higher postoperative
incidence of HL (P = 0.046) (Figure 3). As expected, preoperative
and postoperative incidence of HL were strongly associated
(P = o.001) (Figure 4).

Complications

In 2 cases, a transitory diplopia was noted after PBC procedures,
which spontaneously regressed after 2 weeks. No further com-
plications were recorded.
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Figure 1. Percutaneous balloon compression treatment and the
incidence of postoperative herpes labialis. HSV, herpes simplex virus;
MVD, microvascular depression; PBC, percutaneous balloon
compression.

DISCUSSION

Several authors have argued that surgical TN treatments totally or
partially alter the function of the ganglion neurons resulting in the
alleviation of pain. Moreover, several authors have suggested that
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Figure 2. Preoperative history of herpes labialis and the different
treatments performed. HSV, herpes simplex virus.
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Figure 3. Association between male sex and higher postoperative
incidence of herpes labialis. HSV, herpes simplex virus.

mechanical injury could play a role in the effectiveness of the
surgical treatment.>*"* In the present study, we analyzed a series
of patients with TN who were operated on with MVD and PBC. In
MVD, a suboccipital craniotomy is performed to expose the bor-
ders of the transverse and sigmoid sinuses. The dura mater is
incised, and cerebrospinal fluid is carefully drained to expose the
cerebellopontine angle. The trigeminal nerve is seen draped over a
compressive artery. It is dissected away from the nerve, and Teflon
pledgets are placed between the nerve and compressive artery to
maintain their separation.

Percutaneous treatments, such as radiofrequency rhizotomy,
glycerol rhizotomy, and PBC, involve entry of a needle through the
foramen ovale to introduce injury to the trigeminal nerve. A needle
is introduced 2.5 cm lateral to the labial fissure. The needle is
advanced medial to the ramus of the jaw into the foramen ovale
using oblique view fluoroscopic imaging. A lateral radiograph is
used to confirm the location of the needle. Once positioned, tri-
geminal nerve injury is performed.”

HSV reactivation, which can occur after MVD or other types of
TN surgery, highlights an altered trigeminal ganglion neuron
function. A previous historical study suggested that minimal
stimulation or unapparent trauma to the trigeminal rootlets is
sufficient to activate latent HSV in humans.™* With contemporary
microsurgical techniques and equipment, the stimulation on the
sensory root is remarkably reduced, although in the setting of
PBC, direct mechanical injury to a trigeminal ganglion could per
se explain the clinical efficacy of the procedure. The concept of
mechanical injury as a causative agent of pain relief in TN
surgery has been discussed by many authors in the
literature.#5*>™® This hypothesis would be congruent with a tri-
geminal ganglion basis of TN as reported by Devor et al.*
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Figure 4. Association between preoperative and postoperative incidence
of herpes labialis. HSV, herpes simplex virus; MVD, microvascular
depression; PBC, percutaneous balloon compression.

Recurrent HL is a common, widespread infectious disease
primarily caused by HSV. Classic labial lesions involve the
sequential development of erythema, papules, vesicles, pustules,
and ultimately scabs. Viral titers peak in the first 24 hours after
lesion formation, at which time most lesions are in the vesicle
stage. Following primary infection, HSV establishes a latent
infection in neuronal cells in human peripheral ganglia. However,
the detailed mechanisms of viral latency and reactivation have yet
to be unraveled. Latent viral DNA exists in an “end-less” state,
where the ends of the virus genome are joined to form structures
consistent with unit length episomes.”” When HSV reactivation
occurs in latently infected neurons, HSV is transported by
axoplasmic flow to mucosal surfaces, resulting in an
asymptomatic colonization of the virus or a clinically relevant
infection.> During HSV latency, viral DNA is present in ganglion
neuronal nuclei in episomal form.™

Although the mechanisms underlying HSV reactivation are
incompletely understood, experimentally infected animal ganglia
manipulation may result in reactivation of virus.” Several
authors have reported that viral reactivation is likely triggered
by stressors, such as pregnancy, diabetes, immunodeficiency,
fatigue, infection, and dental procedures.’>>* Reactivation of
HSV as a possible result of TN surgery may be a reaction to the
stress of surgery; although this seems an unlikely explanation, it
needs to be considered. After TN surgery, both clinical HSV
reactivation and subclinical reactivation have been well
described.”>** In contrast, HSV reactivation after other neuro-
surgical procedures is uncommon. Reported cases of HSV
infection and reactivation after different neurosurgical proced-
ures mainly consist of HSV encephalitis after skull base
procedures and after cerebral surgery.>°

Figure 5. Clinical homolateral manifestation of herpes labialis after
percutaneous balloon compression.

It is suggested that altered ganglion neuron function resulting
from TN surgery alters central nervous system pain transmission
as a result of an altered ganglion neuropeptide transport through
the central nervous system. It has been argued that a rapid
hyperalgesic stimulation, such as activation of stress receptors in a
paraganglionic tissue, can regulate epinephrine signaling via
adrenoreceptors by G protein—coupled receptor kinase 2. It is
transduced in an augmented production of epinephrine.”’
However, epinephrine is regulated by the sympathetic nervous
system. Iontophoresis of epinephrine has been used to induce
HSV-1 reactivation in the rabbit ocular model of infection as
well as in mice and nonhuman primates, demonstrating the ability
of epinephrine to impact HSV-1. The mechanism through which

Figure 6. Schematic example showing how percutaneous balloon
compression could reactivate herpes simplex virus, which is transported
by axoplasmic flow.
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these stress factors impact HSV disease severity and recurrences is
thought to be suppression of the immune system, permitting the
viruses to escape immune surveillance.® According to several
reports, surgically induced alterations in trigeminal ganglion
neuron function resulted in HSV reactivation.*®*° The relation-
ship between effective TN surgery and HSV reactivation high-
lighting a gasserian ganglion neuronal injury may explain the
effectiveness of the neurosurgical treatment itself.

In our experience, HL had a propensity to be exacerbated more
often after PBC compared with MVD (Figures 5 and 6). As for
other TN surgery—related complications, HL is usually a tran-
sient problem. The exact incidence of such a complication could
be underestimated because of its often mild and brief appearance
and because the herpetic eruptions usually appear a few days after
the surgery, when the patients have already been discharged.
Acyclovir was found to control HSV reactivation in a high-impact
randomized trial,?" but nucleoside antiviral drugs are now widely

disappearance of lesions. Nucleoside antiviral drugs approved
for treatment of HSV in the United Kingdom and United States
include acyclovir, penciclovir, famciclovir, and valaciclovir.>*3* In
cases with recurrent HL, prophylactic antiviral therapy may be
considered, although strong evidence is lacking.>*'

CONCLUSIONS

In our clinical experience, HSV reactivation after TN surgery can
be a common postsurgical symptom, despite the few cases pre-
viously reported, and it still is a not completely understood event.
The present study emphasizes HSV reactivation as a marker of
mechanical injury of ganglion neurons, occurring more commonly
after PBC than after MVD. The observed relationship between
clinically effective PBC procedures and a high incidence of HSV
reactivation suggests that surgery does alter ganglion neuron

used to relieve the symptoms

REFERENCES

I.

Cushing H. The surgical aspects of major neu-

of HSV and hasten the

II.

Revuelta-Gutierrez R, Martinez-Anda JJ, Coll JB,
Campos-Romo A, Perez-Pefia N. Efficacy and
safety of root compression of trigeminal nerve for

function, in turn stimulating HSV reactivation.

dental procedures. Clin Oral Investig. 2013;17:
1961-1964.

. S trigeminal neuralgia without evidence of vascular 21. Athanasiou TC, Patel NK, Renowden SA,
ralgia of the trigeminal nerve: a report of twenty . . . .

. ) N N compression. Wotld Neurosurg. 2013;80;385»3894 Coakham HB. Some patients with multlple scle-
cases of operation on the gasserian ganglion with rosis have neurovascular compression causin
anatomic and physiologic notes on the conse- P . . P &

. 12. Shelden CH, Pudenz RH, Freshwater DB, Crue BL. their trigeminal neuralgia and can be treated
quences of its removal. JAMA. 1905;44:1002-1008. Compression rather than decompression for tri- effectively with MVD: report of five cases. Br ]|

3. Dandy WE. The treatment of trigeminal neuralgia geminal neuralgia. ] Neurosurg. 1955;12:123-126. Neurosurg. 2005;19:463-468.
by the cerebellar route. Ann Surg. 1932;96:787-795. 13. Garber DA, Schaffer PA, Knipe DM. A LAT-asso- 22. Pazin GJ, Ho M, Jannetta PJ. Reactivation of her-

. . ciated function reduces productive-cycle gene pes simplex virus after decompression of the tri-

3 Bu_rChld K,]' Percutaneous retrogass.erlag glycerol expression during acute infection of murine sen- geminal nerve root. ] Infect Dis. 1978;138:405-409.

rhizolysis in the management of trigeminal neu- ith herpes simplex virus type 1
Igia. ] Neurosurg. 1988;69:361-366. sory heurons wit p P pe L. :
ralg E ] Virol. 1997;71:5885-5893. 23. Pazin GJ, Armstrong JA, Lam MT, Tarr GC,

. . Jannetta PJ, Ho M. Prevention of reactivated her-

4. Devor M, An?n Rj Rappaport'ZH. Path-oph)-/sr 14. Baechli H, Gratz O. Microvascular decompression pes simplex infection by human leukocyte inter-
ology Of trlgemmgl neuralgia: the ignition in trigeminal neuralgia with no vascular feron after operation on the trigeminal root.
hypothesis. Clin ] Pain. 2002;18:4-13. compression. Eur Surg Res. 2007;39:51-57. N Engl ] Med. 1979;301:225-230.

5. Tenser RB. Occurrence of her;?es simplex v%rus 15. Bick SKB, Eskandar EN. Surgical treatment of 24. Tanaka S, Pollock BE, Stafford SL, Link MJ. Ste-
reactivation suggests a mechanism of trigeminal trigeminal neuralgia. Neurosurg Clin N Am. 2017;28: reotactic radiosurgery for trigeminal pain sec-
neuralgia surgical efficacy. World Neurosurg. 2015; 420-438. ondary to benign skull base tumors. World
84:279-282. Neurosurg. 2013;80:371-377.

16. Mellerick DM, Fraser NW. Physical state of the

6. McLaughlin MR, Jannetta PJ. Microvascular latent herpes simplex virus genome in a mouse 25. Jalloh I, Guilfoyle MR, Lloyd SKW, Macfarlane R,
decompression of cranial nerves: lessons learned model system: evidence suggesting an episomal Smith C. Reactivation and centripetal spread of
after 4400 operations. ] Neurosurg. 1999;90:1-8. state. Virology. 1987;158:265-275. herpes simplex virus complicating acoustic neu-

. roma resection. Surg Neurol. 2009;72:502-504.

7. Mullan S, Lichtor T. Percutaneous micro- 17. Kennedy PG, Rovnak J, Badani H, Cohrs RJ.
compression of the trigeminal ganglion for tri- A comparison of herpes simplex virus type 1 and 26. Ploner M, Turowski B, Wébker G. Herpes en-
geminal neuralgia. ] Neurosurg. 1983;59:1007-1012. varicella-zoster virus latency and reactivation. ] Gen cephalitis after meningioma resection. Neurology.

Virol. 2015;96(Pt 7):1581-1602. 2005;65:1674-1675.

8. Bergenheim AT, Asplund P, Linderoth B. Percu-
taneous retrogasserian balloon compression for 18. Feldman LT, Ellison AR, Voytek CC, Yang L, 27. Wang H, Heijnen CJ, Eijkelkamp N. GRK2 in
trigeminal neuralgia: review of critical technical Krause P, Margolis TP. Spontaneous molecular sensory neurons regulates epinephrine-induced
details and outcomes. World Neurosurg. 2013;79: reactivation of herpes simplex virus type 1 latency signalling and duration of mechanical hyper-
359-308. in mice. Proc Natl Acad Sci U S A. 2002;99:978-983. algesia. Pain. 2011;152:1649-1658.

9. Ma Z, Li M. “Nerve combing” for trigeminal 19. Miller CS, Avdiushko SA, Kryscio RJ, Danaher RJ, 28. Ives AM, Bertke AS. Stress hormones epinephrine
neuralgia without vascular compression. Clin Pain Jacob RJ. Effect of prophylactic valacyclovir on the and corticosterone selectively modulate herpes
J. 2000;25:44-47. presence of human herpesvirus DNA in saliva of simplex virus 1 (HSV-1) and HSV-2 productive

healthy individuals after dental treatment. ] Clin infections in adult sympathetic, but not sensory,
10. Pickett GE, Bisnaire D, Ferguson GG. Percuta- Microbiol. 2005;43:2173-2180. neurons. | Virol. 2017;91.
neous retrogasserian glycerol rhizotomy in the
treatment of tic douloureux associated with mul- 20. El Hayderi L, Delvenne P, Rompen E, Senterre JM, 29. Tenser RB. Sequential changes of sensory neuron
tiple sclerosis. Neurosurgery. 2005;56:537-543. Nikkels AF. Herpes simplex virus reactivation and (fluoride resistant) acid phosphatase in dorsal
E20 WWW.SCIENCEDIRECT.comM WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2019.01.226


http://refhub.elsevier.com/S1878-8750(19)30338-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref7
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref7
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref7
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref32
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref32
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref32
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref32
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref32
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref13
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref13
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref13
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref31
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref31
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref31
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref25
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref25
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref25
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref25
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref25
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref26
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref26
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.01.226

LUIGI VALENTINO BERRA ET AL.

ORIGINAL ARTICLE

HERPES SIMPLEX AND TRIGEMINAL NEURALGIA: A CLINICAL LINK

root ganglion neurons following neurectomy and
rhizotomy. Brain Res. 1985;332:386-389.

30. Xiao HS, Huang QH, Zhang FX. Identification of
gene expression profile of dorsal root ganglion in
the rat peripheral axotomy model of neuropathic
pain. Proc Soc Natl Acad Sci U S A. 2002;99:
8360-8365.

31. Schédelin J, Schilt HU, Rohner M. Preventive
therapy of herpes labialis associated with trigem-
inal surgery. Am ] Med. 1988;85:46-48.

32. Chen F, Xu H, Liu J. Efficacy and safety of
nucleoside antiviral drugs for treatment of recur-
rent herpes labialis: a systematic review and meta-
analysis. ] Oral Pathol Med. 2017;46:561-568.

33. Croen KD, Ostrove JM, Dragovic LJ, Smialek JE,
Straus SE. Latent herpes simplex virus in human
trigeminal ganglia. N Engl ] Med. 1987;317:
1427-1432.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any

commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 14 November 2018; accepted 28 January 2019

Citation: World Neurosurg. (2019) 127:e16-e21.
https.//doi.org/10.1016/j.wneu.2019.01.226

Journal homepage: www.journals.elsevier.com/world-
neurosurgery
Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2019 Published by Elsevier
Inc.

WORLD NEUROSURGERY 127: E16-E21, JuLy 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY E21


http://refhub.elsevier.com/S1878-8750(19)30338-9/sref26
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref26
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref33
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref33
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref33
http://refhub.elsevier.com/S1878-8750(19)30338-9/sref33
https://doi.org/10.1016/j.wneu.2019.01.226
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery

	Herpes Simplex Reactivation After Surgical Treatment of Trigeminal Neuralgia: A Retrospective Cohort Study
	Introduction
	Materials and Methods
	Study and Setting
	Participants and Eligibility
	Statistical Analysis and Potential Source of Bias

	Results
	Descriptive Data
	Outcome Data and Main Results
	Complications

	Discussion
	Conclusions
	References


