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Abstract
Arsenic-contaminated drinking water is a public health 
problem in countries such as Taiwan, Bangladesh, Unit-
ed States, Mexico, Argentina, and Chile. The chronic in-
gestion of arsenic-contaminated drinking water increas-
es the risk for ischemic heart disease, cerebrovascular 
disease, and prevalence of hypertension. Although 
toxic arsenic effects are controversial, there is evi-
dence that a high concentration of arsenic may induce 
hypertension through increase in vascular tone and 
resistance. Vascular tone is regulated by the rhythmic 
contractions of the blood vessels, generated by calcium 
oscillations in the cytosol of vascular smooth muscle 
cells. To regulate the cytosolic calcium oscillations, the 
membrane oscillator model involves the participation of 
Ca2+ channels, calcium-activated K+ channels, Na+/Ca2+ 
exchange, plasma membrane Ca2+-ATPase, and the 
Na+/K+-ATPase. However, little is known about the role 
of K+ uptake by sodium transporters [Na+/K+-ATPase 
or Na+-K+-2Cl- (NKCC1)] on the rhythmic contractions. 
Vascular rhythmic contractions, or vasomotion are a 
local mechanism to regulate vascular resistance and 

blood flow. Since vascular rhythmic contractions of 
blood vessels are involved in modulating the vascular 
resistance, the blood flow, and the systemic pressure, 
we suggest a model explaining the participation of the 
sodium pump and NKCC1 co-transporter in low dose 
arsenic exposure effects on vasomotion and vascular 
dysfunction.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Arsenic; Vasomotion; Na+/K+-ATPase; Na+-
K+-2Cl-; K+ channels; Nitric oxide; Prostaglandin; Vascular 

Core tip: Vascular tone is regulated in part by cytosolic 
calcium oscillations. Arsenic can induce an increase in 
vascular tone and resistance. We suggest a model ex-
plaining the participation of the sodium pump and Na+-
K+-2Cl- co-transporter in low dose arsenic exposure 
effects on vasomotion and vascular dysfunction. 

Palacios J, Nwokocha CR, Cifuentes F. Arsenic exposure de-
creases rhythmic contractions of vascular tone through sodium 
transporters and K+ channels. World J Pharmacol 2014; 3(2): 
18-23  Available from: URL: http://www.wjgnet.com/2220-3192/
full/v3/i2/18.htm  DOI: http://dx.doi.org/10.5497/wjp.v3.i2.18

INTRODUCTION
Arsenic toxicity is a global environmental health prob-
lem. The toxicity of  this metalloid has been observed 
in various countries, including Taiwan[1], Bangladesh[2], 
Mexico[3], United States[4], Hungary[5], Argentina[6], and 
Chile[7]. Volcanic emission is one of  the natural sources 
of  arsenic, and individuals are majorly exposed through 
contaminated drinking water[8]. Smelting companies are 
also an important source of  individual and population 
exposure to these kinds of  heavy metals contamination. 
Contamination has been reported in Russia[9], United 
States[10], Mexico[11], Peru[12], and Chile[13]. There are few 
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studies showing that Chinese workers in copper smelter, 
steel or iron have high levels of  total arsenic in urine (50 
g/g creatinine). These studies include those reported for 
Fushun city[14], Yunnan province[15], and Fuxin city[16].

CHRONIC ARSENIC EXPOSURE AND 
VASCULAR DISEASES
There are epidemiologic studies that showed an as-
sociation between chronic arsenic exposure and vas-
cular diseases[17,18]. In fact, the ingestion of  the arsenic-
contaminated drinking water produced an increased risk 
for ischemic heart disease, cerebrovascular disease, and 
peripheral vascular resistance[19]. Other studies report 
positive associations between chronic arsenic exposure in 
drinking water, and the prevalence of  hypertension[20-24].

Currently, arsenic effects on systemic blood pressure 
are controversial[25,26]. However, there is ample evidence 
that arsenic exposure mainly increases the vascular pe-
ripheral resistance[19,27], which defines the difficulty to 
blood flow through the blood vessels, particularly the 
small arteries.

Vascular rhythmic contractions, or vasomotion, are 
local mechanisms that regulate the vascular resistance 
and blood flow[28-30]. For instance, an increase in the am-
plitude of  the rhythmic contractions cause an increased 
blood flow because the vascular resistance is reduced[31]. 
Since vascular rhythmic contractions of  blood vessels are 
involved in modulating the vascular resistance, the blood 
flow, and the systemic pressure[28,29], the effects of  chronic 
low dose exposures to arsenic on vascular rhythmic con-
tractions becomes of  great interest. 

VASCULAR RHYTHMIC CONTRACTIONS
Vascular rhythmic contractions may be considered as a 
compensatory mechanism to preserve the perfusion of  
tissues[31], especially in patients with hypertension[32,33] or 
ischemia[34]. The mechanisms of  the vascular rhythmic 
contractions may account for 3 states of  contraction 
in blood vessels with different levels of  calcium. These 
include small, medium, and tonic contraction, but only 
the medium concentrations produce rhythmic contrac-
tions[35]. The changes of  vascular tone are generated by 
calcium oscillations in the cytosol of  vascular smooth 
muscle cells[36]. To regulate the cytosolic calcium oscil-
lations, the membrane oscillator model considers that 
activity of  Ca2+ channels, calcium-activated K+ channels, 
Na+/Ca2+ exchange, plasma membrane Ca2+-ATPase, and 
the Na+/K+-ATPase, voltage-dependent calcium channel, 
and transient receptor potential channel are essential for 
maintaining calcium oscillations[37].

ROLE OF NA+/K+-ATPASE AND NA+-K+-
2CL- COTRANSPORTER ON RHYTHMIC 
CONTRACTIONS
Little is known about the role of  K+ uptake through 

Na+/K+-ATPase and Na+-K+-2Cl- (NKCC1) on the 
rhythmic contractions. Na+/K+-ATPase and NKCC1 
cotransporter are responsible for the major K+ uptake in 
vascular smooth muscle cells[38-40]. Recent reports dem-
onstrates that rhythmic contractions were associated with 
tonic and phasic responses, the tonic dependent on [Ca2+]i 
and the phasic on potassium efflux (through K+ chan-
nels) and potassium uptake[41,42]. 

Na+/K+-ATPase is responsible for the electrochemi-
cal gradient of  sodium and potassium ions, it also plays 
a vital role in the regulations of  ionic homeostasis in tis-
sues and cells. In vascular smooth muscle cells, Na+/K+-
ATPase plays a major role in the regulation of  vascular 
tone[43,44], an increase in Na+/K+-ATPase activity leads to 
hyperpolarization and relaxation of  smooth muscle[45], 
while its inhibition blunts rhythmic contractions in vascu-
lar smooth muscle cells[46]. 

It was postulated that the inhibition of  KATP channels 
reduces extracellular K+ and Na+/K+-ATPase activity, 
increases intracellular calcium concentration via Na+/Ca2+ 
exchanger, uncouples vascular smooth muscle cells via 
gap junctions, and eliminates vascular rhythmic contrac-
tions[47,48]. Also, the inhibition of  inward-rectifier K+ 
channels (Kir) decrease Na+/K+-ATPase activity in vas-
cular smooth muscle cells[49]. It is important to remember 
that the Na+/K+-ATPase participates in relaxation of  
vascular smooth muscle cells through K+ channels. For 
instance, Na+/K+-ATPase is involved in K+-induced 
vasodilatation of  hamster cremasteric arterioles[50], and 
vasodilation in the human forearm[51]. When K+ (1 to 15 
mmol/L) accumulates in the extracellular space, Na+/K+-
ATPase activity increases efflux of  potassium through  
Kir. This leads to hyperpolarization and vasodilatation 
of  the vascular smooth muscle cells[49,52]. In contrast, the 
opening of  calcium-activated K+ channels inhibits the 
Na+/K+-ATPase function[53,54], and vascular rhythmic 
contractions[28]. 

NKCC1 is an obligatory symport system with an ap-
parent stoichiometry of  1:1:2 sodium, potassium and 
chloride ratios respectively. Although the co-transporter 
is bidirectional in resting vascular smooth muscle cells, 
the sum of  the electrochemical gradients for the three 
transported ion species determines net influx[55]. 

Evidence for the role of  NKCC1 co-transporter on 
vascular rhythmic contractions is scanty, but it is worthy 
of  note that the inward current of  Cl- decreases rhythmic 
contractions by increasing vasoconstriction[47]. NKCC1 
is responsible in part to keep intracellular Cl- concentra-
tion above the electrochemical equilibrium[56] as such 
helping to maintain the electrochemical gradient and 
cellular reactivity. Phenylephrine-induced stimulation of  
NKCC1 increases intracellular Cl- concentration, depolar-
ize vascular smooth muscle cells[57], open L-type calcium 
channels[58] and produce vasoconstriction. In the vascular 
oscillator model[59], the release of  intracellular Ca2+ from 
the reticulum stimulates the inward current of  Cl- via the 
calcium-activated Cl- channel[60] and cyclic guanosine mo-
nophosphate (cGMP)-activated Ca2+-dependent Cl- chan-
nels[61]. This leads to membrane depolarization, opening 
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L-type calcium channels and reduction in the oscillations 
of  vascular tone. Therefore these findings suggest that 
the cotransporter NKCC1 would be responsible, in part, 
for vasoconstriction by chloride.

EFFECT OF ARSENIC ON VASCULAR 
RHYTHMIC CONTRACTIONS
Vascular rhythmic contractions are dependent in part on 
endothelial nitric oxide (NO)[46], but there are few studies 
showing that the arsenic reduces vasomotion (vascular 
rhythmic contractions) by decreasing the NO bioavail-
ability[62]. 

It is well established that heavy metals such as arsenic 
induce increases in vascular resistance by inducing vas-
cular endothelial dysfunction (VED)[62,63]. VED consists 
of  a reduction in endothelium-dependent vasorelaxation 
caused by a decrease in the release of  endothelial NO[64]. 
Arsenic-induced VED is caused in part by oxidative 
stress. 

Oxidative stress from pollutants like arsenic causes 
an increase in the reactive oxygen species, this leads to a 
modification of  amino acids of  proteins, mainly sulfur-
containing amino acids methionine and cysteine[65]. Arse-
nic causes oxidative stress through peroxynitrite genera-
tion in aortic endothelial cells, producing loss of  biological 
activity in enzymes and proteins[66,67]. In this context we 
had shown that chronic arsenic exposure in drinking water 
reduced acetylcholine-induced relaxation in female rat aor-
ta[68], impairment of  the endothelial nitric oxide synthase 
activity and decreasing of  endothelial NO production[69,70].

NO is reported to activates Na+/K+-ATPase func-

tion[71], we observed that acetylcholine and sodium nitro-
prusside (SNP) induces activation of  Na+/K+-ATPase 
activity, and SNP effect is abolished by inhibition of  PKG 
(KT-5823)[72]. Cogolludo et al[73] (2001) showed that SNP 
activates Na+/K+-ATPase in mesenteric piglet’s arteries 
while Tamaoki et al[74] (1997) found that cGMP activates 
Na+/K+-ATPase in pulmonary artery smooth muscle 
cells.

Since arsenic decreases the NO bioavailability[62], and 
the NO increases Na+/K+-ATPase function[71] which 
enhances the vascular rhythmic contractions, we may 
suggest that arsenic decreases the vascular rhythmic con-
tractions by Na+/K+-ATPase function (Figure 1). Similar 
conclusions would be expected with the Kir channel, as 
Chen et al[75] (2010) demonstrated that arsenic trioxide 
produces down-regulation of  Kir channel in cardiomyo-
cytes of  rats, and the Kir channel function increases 
Na+/K+-ATPase activity[49]. 

Although the endothelial NO does not affect NKCC1 
co-transporter function[76], the endothelial prostaglandins 
increase NKCC1 activity thereby enhancing the con-
tractile response to agonist in rat aorta[77-80]. Moreover, 
the endothelial prostaglandins increase agonist-induced 
rhythmic contractions in rat aorta[81], rat mesenteric 
artery[82], and arterioles of  the cheek pouch of  male 
hamsters[42]. Furthermore, arsenic increases the cyclooxy-
genase-2 (COX-2) protein in aortic endothelial cells[67], 
COX-2 in HUVEC[83], and enhances COX-1 and COX-2 
activities in hind paw muscle of  male rats[84]. Therefore, as 
a result of  the prostaglandins effect on the vascular con-
tractility through NKCC1 described above, arsenic might 
increase the vascular rhythmic contractions by NKCC1 
co-transporter function. 

The major toxic species of  arsenic used in several 
studies are arsenite (trivalent inorganic arsenic, i.e., arse-
nic trioxide) or arsenate (pentavalent inorganic arsenic). 
Although the concentration of  arsenate in drinking water 
is higher than those of  arsenite, toxic effects of  arsenate 
have not been properly documented. Arsenate is mainly 
metabolized by organisms as monomethylarsonic acid 
and dimethylarsinic acid, which significantly are not tox-
ic[85]. However, this theory of  the methylation of  inorgan-
ic arsenic as a detoxification process has been revised[86] 
as other trivalent methylated species with higher toxicity 
have been reported[87]. Possibly, the biological effect of  
arsenate is mainly by reduction to arsenite[88].
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Figure 1  Putative model of arsenic effect on vasomotion phenomenon 
in blood vessels. The figure shows the stimulation of the Na+/K+-ATPase by 
endothelial nitric oxide (NO) and stimulation of the Na+-K+-2Cl- cotransporter 
by endothelial prostaglandins (PG). Arsenic would reduce NO bioavailability or 
would increase PG level, both of them would produce an increase in vasocon-
striction or a decrease in the repolarization of the cell membrane, respectively, 
and then would reduce vasomotion. PE: Phenylephrine; As: Arsenic; eNOS: 
Endothelial nitric oxide synthase; SR: Sarcoplasmic reticulum.

Palacios J et al . Arsenic decreases vasomotion by sodium transporters

Na+

Ca2+

2K+

3Na+

Na+K+
2Cl-

PE
Ca2+

IP3

SR
Ca2+

[Ca2+] ↑

Vasoconstriction

Tonic response

Vasomotion

Phasic responseK+

Repolarization

Smooth muscle cell

As

PG

eNOS

NO

[Cl-] ↑
Depolarization

[K+] ↑

Endothelium

NO



14199915]
20	 Borgoño JM, Greiber R. [Epidemiologic study of arsenic 

poisoning in the city of Antofagasta]. Rev Med Chil 1971; 99: 
702-707 [PMID: 5157219]

21	 Rosenberg HG. Systemic arterial disease and chronic arseni-
cism in infants. Arch Pathol 1974; 97: 360-365 [PMID: 4825098]

22	 Zaldívar R. Arsenic contamination of drinking water and 
foodstuffs causing endemic chronic poisoning. Beitr Pathol 
1974; 151: 384-400 [PMID: 4838015 DOI: 10.1016/S0005-8165
(74)80047-8]

23	 Zierold KM, Knobeloch L, Anderson H. Prevalence of chr
onic diseases in adults exposed to arsenic-contaminated 
drinking water. Am J Public Health 2004; 94: 1936-1937 [PMID: 
15514231 DOI: 10.2105/AJPH.94.11.1936]

24	 Chen Y, Factor-Litvak P, Howe GR, Graziano JH, Brandt-
Rauf P, Parvez F, van Geen A, Ahsan H. Arsenic exposure 
from drinking water, dietary intakes of B vitamins and fo-
late, and risk of high blood pressure in Bangladesh: a popu-
lation-based, cross-sectional study. Am J Epidemiol 2007; 165: 
541-552 [PMID: 17164464 DOI: 10.1093/aje/kwk037]

25	 Abir T, Rahman B, D’Este C, Farooq A, Milton AH. The As-
sociation between Chronic Arsenic Exposure and Hyperten-
sion: A Meta-Analysis. J Toxicol 2012; 2012: 198793 [PMID: 
22523484]

26	 Islam MR, Khan I, Attia J, Hassan SM, McEvoy M, D’Este 
C, Azim S, Akhter A, Akter S, Shahidullah SM, Milton AH. 
Association between hypertension and chronic arsenic ex-
posure in drinking water: a cross-sectional study in Bangla-
desh. Int J Environ Res Public Health 2012; 9: 4522-4536 [PMID: 
23222207 DOI: 10.3390/ijerph9124522]

27	 Lee MY, Lee YH, Lim KM, Chung SM, Bae ON, Kim H, 
Lee CR, Park JD, Chung JH. Inorganic arsenite potentiates 
vasoconstriction through calcium sensitization in vascular 
smooth muscle. Environ Health Perspect 2005; 113: 1330-1335 
[PMID: 16203242 DOI: 10.1289/ehp.8000]

28	 Nilsson H, Aalkjaer C. Vasomotion: mechanisms and physi-
ological importance. Mol Interv 2003; 3: 79-89, 51 [PMID: 
14993429]

29	 Funk W, Endrich B, Messmer K, Intaglietta M. Spontaneous 
arteriolar vasomotion as a determinant of peripheral vascu-
lar resistance. Int J Microcirc Clin Exp 1983; 2: 11-25 [PMID: 
6678836]

30	 Gratton RJ, Gandley RE, McCarthy JF, Michaluk WK, 
Slinker BK, McLaughlin MK. Contribution of vasomotion to 
vascular resistance: a comparison of arteries from virgin and 
pregnant rats. J Appl Physiol (1985) 1998; 85: 2255-2260 [PMID: 
9843550]

31	 Pradhan RK, Chakravarthy VS. Informational dynamics of 
vasomotion in microvascular networks: a review. Acta Physi-
ol (Oxf) 2011; 201: 193-218 [PMID: 20887358 DOI: 10.1111/
j.1748-1716.2010.02198.x]

32	 Hollenberg NK, Sandor T. Vasomotion of renal blood flow 
in essential hypertension. Oscillations in xenon transit. Hy-
pertension 1984; 6: 579-585 [PMID: 6746087 DOI: 10.1161/01.
HYP.6.4.579]

33	 Frielingsdorf J, Kaufmann P, Seiler C, Vassalli G, Suter T, 
Hess OM. Abnormal coronary vasomotion in hypertension: 
role of coronary artery disease. J Am Coll Cardiol 1996; 28: 
935-941 [PMID: 8837571 DOI: 10.1016/S0735-1097(96)00260-4]

34	 Intaglietta M. Arteriolar vasomotion: implications for tissue 
ischemia. Blood Vessels 1991; 28 Suppl 1: 1-7 [PMID: 1932763]

35	 Koenigsberger M, Sauser R, Bény JL, Meister JJ. Role of 
the endothelium on arterial vasomotion. Biophys J 2005; 88: 
3845-3854 [PMID: 15792979 DOI: 10.1529/biophysj.104.054965]

36	 Peng H, Matchkov V, Ivarsen A, Aalkjaer C, Nilsson H. Hy-
pothesis for the initiation of vasomotion. Circ Res 2001; 88: 
810-815 [PMID: 11325873 DOI: 10.1161/hh0801.089603]

37	 Parthimos D, Edwards DH, Griffith TM. Minimal model of 
arterial chaos generated by coupled intracellular and mem-
brane Ca2+ oscillators. Am J Physiol 1999; 277: H1119-H1144 

of northern Mexico. Environ Pollut 1990; 64: 143-153 [PMID: 
15092299 DOI: 10.1016/0269-7491(90)90111-O]

4	 Lewis DR, Southwick JW, Ouellet-Hellstrom R, Rench J, 
Calderon RL. Drinking water arsenic in Utah: A cohort mor-
tality study. Environ Health Perspect 1999; 107: 359-365 [PMID: 
10210691 DOI: 10.1289/ehp.99107359]

5	 Börzsönyi M, Bereczky A, Rudnai P, Csanady M, Horvath 
A. Epidemiological studies on human subjects exposed to 
arsenic in drinking water in southeast Hungary. Arch Toxicol 
1992; 66: 77-78 [PMID: 1580796 DOI: 10.1007/BF02307274]

6	 Hopenhayn-Rich C, Biggs ML, Fuchs A, Bergoglio R, Tello 
EE, Nicolli H, Smith AH. Bladder cancer mortality associated 
with arsenic in drinking water in Argentina. Epidemiology 
1996; 7: 117-124 [PMID: 8834549 DOI: 10.1097/00001648-1996
03000-00003]

7	 Borgoño JM, Vicent P, Venturino H, Infante A. Arsenic in 
the drinking water of the city of Antofagasta: epidemiologi-
cal and clinical study before and after the installation of a 
treatment plant. Environ Health Perspect 1977; 19: 103-105 
[PMID: 908283 DOI: 10.2307/3428458]

8	 Nordstrom DK. Public health. Worldwide occurrences of 
arsenic in ground water. Science 2002; 296: 2143-2145 [PMID: 
12077387 DOI: 10.1126/science.1072375]

9	 Bustueva KA, Revich BA, Bezpalko LE. Cadmium in the 
environment of three Russian cities and in human hair and 
urine. Arch Environ Health 1994; 49: 284-288 [PMID: 8031186 
DOI: 10.1080/00039896.1994.9937481]

10	 Hwang YH, Bornschein RL, Grote J, Menrath W, Roda S. 
Environmental arsenic exposure of children around a for-
mer copper smelter site. Environ Res 1997; 72: 72-81 [PMID: 
9012374 DOI: 10.1006/enrs.1996.3691]

11	 Díaz-Barriga F, Santos MA, Mejía JJ, Batres L, Yáñez L, Car-
rizales L, Vera E, del Razo LM, Cebrián ME. Arsenic and 
cadmium exposure in children living near a smelter complex 
in San Luis Potosí, Mexico. Environ Res 1993; 62: 242-250 
[PMID: 8344231 DOI: 10.1006/enrs.1993.1109]

12	 Ramírez AV. [Environmental pollution by cadmium in a 
metallurgy plant]. Bol Oficina Sanit Panam 1986; 101: 514-521 
[PMID: 2947598]

13	 Rivara MI, Cebrián M, Corey G, Hernández M, Romieu I. 
Cancer risk in an arsenic-contaminated area of Chile. Toxicol 
Ind Health 1997; 13: 321-338 [PMID: 9200798 DOI: 10.1177/07
4823379701300217]

14	 Xi S, Zheng Q, Zhang Q, Sun G. Metabolic profile and as-
sessment of occupational arsenic exposure in copper- and 
steel-smelting workers in China. Int Arch Occup Environ 
Health 2011; 84: 347-353 [PMID: 21132326 DOI: 10.1007/s004
20-010-0574-7]

15	 Wen J, Wen W, Li L, Liu H. Methylation capacity of arsenic 
and skin lesions in smelter plant workers. Environ Toxicol 
Pharmacol 2012; 34: 624-630 [PMID: 22885843 DOI: 10.1016/j.
etap.2012.07.003]

16	 Xu Y, Wang Y, Zheng Q, Li B, Li X, Jin Y, Lv X, Qu G, Sun G. 
Clinical manifestations and arsenic methylation after a rare 
subacute arsenic poisoning accident. Toxicol Sci 2008; 103: 
278-284 [PMID: 18308700 DOI: 10.1093/toxsci/kfn041]

17	 Chiou HY, Huang WI, Su CL, Chang SF, Hsu YH, Chen CJ. 
Dose-response relationship between prevalence of cerebro-
vascular disease and ingested inorganic arsenic. Stroke 1997; 
28: 1717-1723 [PMID: 9303014 DOI: 10.1161/01.STR.28.9.1717]

18	 Wang CH, Hsiao CK, Chen CL, Hsu LI, Chiou HY, Chen SY, 
Hsueh YM, Wu MM, Chen CJ. A review of the epidemiologic 
literature on the role of environmental arsenic exposure and 
cardiovascular diseases. Toxicol Appl Pharmacol 2007; 222: 
315-326 [PMID: 17433393 DOI: 10.1016/j.taap.2006.12.022]

19	 Chen WY, Yen TS. Experimental studies on the drinking 
water of blackfoot endemic area. 2. studies on the effects 
of drinking water of blackfoot endemic area on peripheral 
vascular perfusion of the hind limbs of frogs. Tsa Chih Ga-
oxiong Yi Xue Yuan Tong Xue Hui 1964; 63: 150-158 [PMID: 

21 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Palacios J et al . Arsenic decreases vasomotion by sodium transporters



[PMID: 10484436]
38	 Garrahan PJ, Glynn IM. The sensitivity of the sodium pump 

to external sodium. J Physiol 1967; 192: 175-188 [PMID: 
6051802]

39	 Sachs JR. Ouabain-insensitive sodium movements in the 
human red blood cell. J Gen Physiol 1971; 57: 259-282 [PMID: 
5544793 DOI: 10.1085/jgp.57.3.259]

40	 Russell JM. Sodium-potassium-chloride cotransport. Physiol 
Rev 2000; 80: 211-276 [PMID: 10617769]

41	 Palacios J, Vega JL, Paredes A, Cifuentes F. Effect of phen-
ylephrine and endothelium on vasomotion in rat aorta 
involves potassium uptake. J Physiol Sci 2013; 63: 103-111 
[PMID: 23180009 DOI: 10.1007/s12576-012-0240-9]

42	 de Souza Md, Bouskela E. Arteriolar diameter and sponta-
neous vasomotion: importance of potassium channels and 
nitric oxide. Microvasc Res 2013; 90: 121-127 [PMID: 23948594 
DOI: 10.1016/j.mvr.2013.08.001]

43	 Blaustein MP. Sodium ions, calcium ions, blood pressure 
regulation, and hypertension: a reassessment and a hypoth-
esis. Am J Physiol 1977; 232: C165-C173 [PMID: 324293]

44	 Clausen T, Nielsen OB. The Na+,K(+)-pump and muscle 
contractility. Acta Physiol Scand 1994; 152: 365-373 [PMID: 
7701937 DOI: 10.1111/j.1748-1716.1994.tb09818.x]

45	 Rapoport RM, Schwartz K, Murad F. Effects of Na+,K+-
pump inhibitors and membrane depolarizing agents on 
acetylcholine-induced endothelium-dependent relaxation 
and cyclic GMP accumulation in rat aorta. Eur J Pharmacol 
1985; 110: 203-209 [PMID: 2985409 DOI: 10.1016/0014-2999(8
5)90212-2]

46	 Gustafsson H, Nilsson H. Rhythmic contractions in isolated 
small arteries of rat: role of K+ channels and the Na+,K(+)-
pump. Acta Physiol Scand 1994; 150: 161-170 [PMID: 8191895 
DOI: 10.1111/j.1748-1716.1994.tb09673.x]

47	 Matchkov VV, Gustafsson H, Rahman A, Briggs Boedtkjer 
DM, Gorintin S, Hansen AK, Bouzinova EV, Praetorius HA, 
Aalkjaer C, Nilsson H. Interaction between Na+/K+-pump 
and Na+/Ca2+-exchanger modulates intercellular commu-
nication. Circ Res 2007; 100: 1026-1035 [PMID: 17347477 DOI: 
10.1161/01.RES.0000262659.09293.56]

48	 Glavind-Kristensen M, Matchkov V, Hansen VB, Forman 
A, Nilsson H, Aalkjaer C. KATP-channel-induced vasodila-
tion is modulated by the Na,K-pump activity in rabbit coro-
nary small arteries. Br J Pharmacol 2004; 143: 872-880 [PMID: 
15504751 DOI: 10.1038/sj.bjp.0706016]

49	 Haddy FJ, Vanhoutte PM, Feletou M. Role of potassium in 
regulating blood flow and blood pressure. Am J Physiol Regul 
Integr Comp Physiol 2006; 290: R546-R552 [PMID: 16467502 
DOI: 10.1152/ajpregu.00491.2005]

50	 Burns WR, Cohen KD, Jackson WF. K+-induced dilation of 
hamster cremasteric arterioles involves both the Na+/K+-
ATPase and inward-rectifier K+ channels. Microcirculation 
2004; 11: 279-293 [PMID: 15280082 DOI: 10.1080/1073968049
0425985]

51	 Dawes M, Sieniawska C, Delves T, Dwivedi R, Chowienc-
zyk PJ, Ritter JM. Barium reduces resting blood flow and 
inhibits potassium-induced vasodilation in the human fore-
arm. Circulation 2002; 105: 1323-1328 [PMID: 11901043 DOI: 
10.1161/hc1102.105651]

52	 Ulusoy HB, Kaya MG. Potassium induced dilation in bovine 
coronary artery involves both inward rectifier potassium 
channels and Na+ /K+ ATPase. Acta Physiol Hung 2009; 96: 
427-436 [PMID: 19942549 DOI: 10.1556/APhysiol.96.2009.4.3]

53	 Dora KA, Ings NT, Garland CJ. K(Ca) channel blockers re-
veal hyperpolarization and relaxation to K+ in rat isolated 
mesenteric artery. Am J Physiol Heart Circ Physiol 2002; 283: 
H606-H614 [PMID: 12124208]

54	 Weston AH, Richards GR, Burnham MP, Félétou M, Van-
houtte PM, Edwards G. K+-induced hyperpolarization in 
rat mesenteric artery: identification, localization and role of 
Na+/K+-ATPases. Br J Pharmacol 2002; 136: 918-926 [PMID: 

12110616 DOI: 10.1038/sj.bjp.0704787]
55	 O’Donnell ME, Owen NE. Regulation of ion pumps and car-

riers in vascular smooth muscle. Physiol Rev 1994; 74: 683-721 
[PMID: 8036250]

56	 Chipperfield AR, Harper AA. Chloride in smooth muscle. 
Prog Biophys Mol Biol 2000; 74: 175-221 [PMID: 11226512 DOI: 
10.1016/S0079-6107(00)00024-9]

57	 Davis JP, Chipperfield AR, Harper AA. Accumulation of 
intracellular chloride by (Na-K-Cl) co-transport in rat arte-
rial smooth muscle is enhanced in deoxycorticosterone ac-
etate (DOCA)/salt hypertension. J Mol Cell Cardiol 1993; 25: 
233-237 [PMID: 8510166 DOI: 10.1006/jmcc.1993.1029]

58	 Anfinogenova YJ, Baskakov MB, Kovalev IV, Kilin AA, Du-
lin NO, Orlov SN. Cell-volume-dependent vascular smooth 
muscle contraction: role of Na+, K+, 2Cl- cotransport, intra-
cellular Cl- and L-type Ca2+ channels. Pflugers Arch 2004; 
449: 42-55 [PMID: 15293051 DOI: 10.1007/s00424-004-1316-z]

59	 Berridge MJ. Smooth muscle cell calcium activation mecha-
nisms. J Physiol 2008; 586: 5047-5061 [PMID: 18787034 DOI: 
10.1113/jphysiol.2008.160440]

60	 Haddock RE, Hill CE. Differential activation of ion channels 
by inositol 1,4,5-trisphosphate (IP3)- and ryanodine-sensitive 
calcium stores in rat basilar artery vasomotion. J Physiol 
2002; 545: 615-627 [PMID: 12456838 DOI: 10.1113/jphysi-
ol.2002.027904]

61	 Piper AS, Large WA. Single cGMP-activated Ca(+)-depen-
dent Cl(-) channels in rat mesenteric artery smooth muscle 
cells. J Physiol 2004; 555: 397-408 [PMID: 14724180 DOI: 
10.1113/jphysiol.2003.057646]

62	 Lee MY, Jung BI, Chung SM, Bae ON, Lee JY, Park JD, Yang 
JS, Lee H, Chung JH. Arsenic-induced dysfunction in re-
laxation of blood vessels. Environ Health Perspect 2003; 111: 
513-517 [PMID: 12676608 DOI: 10.1289/ehp.5916]

63	 Jindal S, Singh M, Balakumar P. Effect of bis (maltolato) oxova-
nadium (BMOV) in uric acid and sodium arsenite-induced 
vascular endothelial dysfunction in rats. Int J Cardiol 2008; 128: 
383-391 [PMID: 17658639 DOI: 10.1016/j.ijcard.2007.05.031]

64	 Tsou TC, Tsai FY, Hsieh YW, Li LA, Yeh SC, Chang LW. 
Arsenite induces endothelial cytotoxicity by down-regulation 
of vascular endothelial nitric oxide synthase. Toxicol Appl 
Pharmacol 2005; 208: 277-284 [PMID: 16239170 DOI: 10.1016/j.
taap.2005.03.001]

65	 Beckman JS, Koppenol WH. Nitric oxide, superoxide, and 
peroxynitrite: the good, the bad, and ugly. Am J Physiol 1996; 
271: C1424-C1437 [PMID: 8944624]

66	 Del Razo LM, Quintanilla-Vega B, Brambila-Colombres E, 
Calderón-Aranda ES, Manno M, Albores A. Stress proteins 
induced by arsenic. Toxicol Appl Pharmacol 2001; 177: 132-148 
[PMID: 11740912 DOI: 10.1006/taap.2001.9291]

67	 Bunderson M, Coffin JD, Beall HD. Arsenic induces per-
oxynitrite generation and cyclooxygenase-2 protein expres-
sion in aortic endothelial cells: possible role in atherosclero-
sis. Toxicol Appl Pharmacol 2002; 184: 11-18 [PMID: 12392964 
DOI: 10.1006/taap.2002.9492]

68	 Cifuentes F, Bravo J, Norambuena M, Stegen S, Ayavire A, 
Palacios J. Chronic exposure to arsenic in tap water reduces 
acetylcholine-induced relaxation in the aorta and increases 
oxidative stress in female rats. Int J Toxicol 2009; 28: 534-541 
[PMID: 19966145 DOI: 10.1177/1091581809345924]

69	 Pi J, Horiguchi S, Sun Y, Nikaido M, Shimojo N, Hayashi 
T, Yamauchi H, Itoh K, Yamamoto M, Sun G, Waalkes MP, 
Kumagai Y. A potential mechanism for the impairment of 
nitric oxide formation caused by prolonged oral exposure 
to arsenate in rabbits. Free Radic Biol Med 2003; 35: 102-113 
[PMID: 12826260 DOI: 10.1016/S0891-5849(03)00269-7]

70	 Kumagai Y, Pi J. Molecular basis for arsenic-induced altera-
tion in nitric oxide production and oxidative stress: implica-
tion of endothelial dysfunction. Toxicol Appl Pharmacol 2004; 
198: 450-457 [PMID: 15276426 DOI: 10.1016/j.taap.2003.10.031]

71	 Pavlovic D, Hall AR, Kennington EJ, Aughton K, Bogu

22 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Palacios J et al . Arsenic decreases vasomotion by sodium transporters



slavskyi A, Fuller W, Despa S, Bers DM, Shattock MJ. Nitric 
oxide regulates cardiac intracellular Na+ and Ca²+ by modu-
lating Na/K ATPase via PKCε and phospholemman-depen-
dent mechanism. J Mol Cell Cardiol 2013; 61: 164-171 [PMID: 
23612119 DOI: 10.1016/j.yjmcc.2013.04.013]

72	 Palacios J, Marusic ET, Lopez NC, Gonzalez M, Michea L. 
Estradiol-induced expression of N(+)-K(+)-ATPase catalytic 
isoforms in rat arteries: gender differences in activity medi-
ated by nitric oxide donors. Am J Physiol Heart Circ Physiol 
2004; 286: H1793-H1800 [PMID: 14704224 DOI: 10.1152/ajp-
heart.00990.2003]

73	 Cogolludo AL, Pérez-Vizcaíno F, Zaragozá-Arnáez F, Ibarra 
M, López-López G, López-Miranda V, Tamargo J. Mecha-
nisms involved in SNP-induced relaxation and [Ca+]i reduc-
tion in piglet pulmonary and systemic arteries. Br J Phar-
macol 2001; 132: 959-967 [PMID: 11181438 DOI: 10.1038/sj.
bjp.0703894]

74	 Tamaoki J, Tagaya E, Nishimura K, Isono K, Nagai A. Role 
of Na(+)-K+ ATPase in cyclic GMP-mediated relaxation of 
canine pulmonary artery smooth muscle cells. Br J Phar-
macol 1997; 122: 112-116 [PMID: 9298536 DOI: 10.1038/sj.
bjp.0701351]

75	 Chen X, Shan H, Zhao J, Hong Y, Bai Y, Sun I, Pan Z, Zhang 
Y, Yang B, Du Z. L-type calcium current (ICa,L) and inward 
rectifier potassium current (IK1) are involved in QT prolon-
gation induced by arsenic trioxide in rat. Cell Physiol Biochem 
2010; 26: 967-974 [PMID: 21220927 DOI: 10.1159/000324005]

76	 Koltsova SV, Kotelevtsev SV, Tremblay J, Hamet P, Orlov 
SN. Excitation-contraction coupling in resistance mesenteric 
arteries: evidence for NKCC1-mediated pathway. Biochem 
Biophys Res Commun 2009; 379: 1080-1083 [PMID: 19150334 
DOI: 10.1016/j.bbrc.2009.01.018]

77	 Palacios J, Espinoza F, Munita C, Cifuentes F, Michea L. 
Na+-K+-2Cl- cotransporter is implicated in gender differences 
in the response of the rat aorta to phenylephrine. Br J Phar-
macol 2006; 148: 964-972 [PMID: 16799647 DOI: 10.1038/sj.
bjp.0706818]

78	 Oppermann M, Hansen PB, Castrop H, Schnermann J. Va-
sodilatation of afferent arterioles and paradoxical increase of 
renal vascular resistance by furosemide in mice. Am J Physiol 
Renal Physiol 2007; 293: F279-F287 [PMID: 17494095 DOI: 
10.1152/ajprenal.00073.2007]

79	 Mtabaji JP, Manku MS, Horrobin DF. Vascular actions of 

furosemide and bumetanide on the rat superior mesenteric 
vascular bed: interactions with prolactin and prostaglandins. 
Can J Physiol Pharmacol 1976; 54: 357-366 [PMID: 953864 DOI: 
10.1139/y76-050]

80	 Pickkers P, Dormans TP, Russel FG, Hughes AD, Thien T, 
Schaper N, Smits P. Direct vascular effects of furosemide in 
humans. Circulation 1997; 96: 1847-1852 [PMID: 9323071 DOI: 
10.1161/01.CIR.96.6.1847]

81	 Mauban JR, Wier WG. Essential role of EDHF in the initiation 
and maintenance of adrenergic vasomotion in rat mesenteric 
arteries. Am J Physiol Heart Circ Physiol 2004; 287: H608-H616 
[PMID: 15059779 DOI: 10.1152/ajpheart.01084.2003]

82	 Okazaki K, Seki S, Kanaya N, Hattori J, Tohse N, Namiki 
A. Role of endothelium-derived hyperpolarizing factor in 
phenylephrine-induced oscillatory vasomotion in rat small 
mesenteric artery. Anesthesiology 2003; 98: 1164-1171 [PMID: 
12717138 DOI: 10.1097/00000542-200305000-00019]

83	 Tsai SH, Liang YC, Chen L, Ho FM, Hsieh MS, Lin JK. Arse-
nite stimulates cyclooxygenase-2 expression through activat-
ing IkappaB kinase and nuclear factor kappaB in primary 
and ECV304 endothelial cells. J Cell Biochem 2002; 84: 750-758 
[PMID: 11835400 DOI: 10.1002/jcb.10096]

84	 Ahmad W, Prawez S, Chanderashekara HH, Tandan SK, 
Sankar P, Sarkar SN. Subacute arsenic exposure through 
drinking water reduces the pharmacodynamic effects of 
ketoprofen in male rats. Environ Toxicol Pharmacol 2012; 33: 
267-276 [PMID: 22236721 DOI: 10.1016/j.etap.2011.12.013]

85	 Vahter M, Concha G. Role of metabolism in arsenic toxic-
ity. Pharmacol Toxicol 2001; 89: 1-5 [PMID: 11484904 DOI: 
10.1034/j.1600-0773.2001.d01-128.x]

86	 Kitchin KT. Recent advances in arsenic carcinogenesis: 
modes of action, animal model systems, and methylated 
arsenic metabolites. Toxicol Appl Pharmacol 2001; 172: 249-261 
[PMID: 11312654 DOI: 10.1006/taap.2001.9157]

87	 Dopp E, von Recklinghausen U, Diaz-Bone R, Hirner AV, 
Rettenmeier AW. Cellular uptake, subcellular distribution 
and toxicity of arsenic compounds in methylating and non-
methylating cells. Environ Res 2010; 110: 435-442 [PMID: 
19758587 DOI: 10.1016/j.envres.2009.08.012]

88	 Huang RN, Lee TC. Cellular uptake of trivalent arsenite and 
pentavalent arsenate in KB cells cultured in phosphate-free 
medium. Toxicol Appl Pharmacol 1996; 136: 243-249 [PMID: 
8619232 DOI: 10.1006/taap.1996.0031]

P- Reviewer: Chen F, Sandow SL    S- Editor: Ji FF    
L- Editor: A    E- Editor: Liu SQ  

23 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Palacios J et al . Arsenic decreases vasomotion by sodium transporters



compression and/or irritation of the fifth cranial nerve 
(trigeminal nerve) resulting in facial pain and/or numb-
ness. Non-trigeminal afferent input may contribute to 
the wide constellation of symptoms seen in orofacial 
pain patients. The purpose of this report was to de-
velop a decision tool to guide the recognition and treat-
ment of neuropathic pain in this specialized population. 
Recommendations for treatment are based on evidence 
presented in Canadian and international neuropathic 
treatment guidelines. Algorithms are included for as-
sessment and treatment of adult patients with agents 
that are recognized to have analgesic efficacy within 
the broad context of neuropathic pain. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acoustic neuroma; Stereotactic radiothera-
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Core tip: The complexity of managing trigeminal neu-
ralgia and neuropathic pain conditions among patients 
with skull base tumors requires a simple albeit com-
prehensive treatment algorithm that can be employed 
effectively by general practitioners, surgeons and other 
primary care prescribers in acute care or ambulatory 
clinical settings. We describe a simple treatment algo-
rithm formulated on recommended best practice and 
based on clinical experience. It is intended to guide 
treatment, facilitate management and evaluation of out-
come data (self-reported pain, quality of life measures) 
to elucidate the use of standardized approaches to pain 
management in patients with skull base etiology. 
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Abstract
Neuropathic pain is chronic pain generated by disorders 
of the peripheral and central nervous system, includ-
ing skull base tumours. A skull base tumour can be any 
type of tumour that forms in the skull base, and this 
includes vestibular schwannomas which arise from the 
sheath of the inner ear vestibulocochlear nerve (eighth 
cranial nerve). Growth of the tumour, surgical resec-
tion, and/or stereotactic radiotherapy may result in 
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INTRODUCTION
This report considers pharmacological approaches to 
be used within the skull base tumour health community. 
Its intent is to offer assistance in treating patients who 
present with neuropathic pain (NP) in the context of  
orofacial, head and neck pain, including trigeminal neu-
ralgia (TN), which is the most common craniofacial pain 
syndrome that is neuropathic in origin. The impetus for 
assembling the information stems from the experiences 
of  practitioners within an interdisciplinary clinic who 
consistently rely on formularies and consultation with 
colleagues for advice in treating neuralgia and NP. The 
document offers suggested algorithms for assessment 
and treatment of  patients with agents that are recognized 
to have analgesic efficacy within the broader context of  
NP. It makes the distinction between generalized NP[1] 
and NP due to skull base tumours affecting the head, 
neck, face and glossopharyngeal region[2,3], but also rec-
ognizes commonalities in mechanisms underlying various 
forms of  NP[1]. 

The Atlantic Lateral Skull Base Clinic
Vestibular schwannomas (VS) are slow growing, benign 
neoplasms that may be life threatening due to compres-
sion of  central structures. Extra-axial tumours arising 
from the Schwann cell sheath of  the vestibular or cochle-
ar nerve (8th cranial nerve) are referred to as acoustic neu-
romas or, more appropriately, VS. Clinical diagnosis of  
a VS suggests an incidence of  0.7-1 per 100000 people, 
although incidental (i.e., non-clinically relevant) discovery 
of  VS suggests an incidence as high as 2 per 10000 peo-
ple[4]. In some cases, VS are associated with NP and TN, 
often secondary to tumour compression or stereotactic 
radiation treatment affecting cranial nerves within the 
cerebellopontine angle (CPA). 

The Atlantic Lateral Skull Base Clinic provides coor-
dinated care through Neurootology (Division of  Oto-
laryngology), Neurosurgery and the Stereotactic Radio-
therapy Group to patients with unilateral or bilateral VS, 
other CPA tumours, as well as lesions of  the petrous apex 
and jugular foramen. This program is unique in Canada, 
offering a single centre, multidisciplinary approach for 
lateral skull base lesions. The Atlantic Lateral Skull Base 
Clinic serves a population of  more than 2 million people 
in a catchment area that includes Newfoundland, Prince 
Edward Island, New Brunswick and Nova Scotia[5]. Treat-
ment options for skull base tumours include monitoring 
clinical progression, surgery, stereotactic radiation therapy 
(SRT), balance and hearing rehabilitation. An interdisci-
plinary clinic provides an ideal environment in which to 
identify and intervene in the treatment and management 
of  NP affecting the head and neck region. The focus 

of  this work is on clinical experiences within our clinic. 
With low incidence, it will be very unlikely there will ever 
be randomized clinical trials that provide direct guidance 
for pain management in patients with VS. In that event, 
one must rely on extrapolation, and what we report is 
implementation of  that approach and what it looks like 
in clinic. 

Disease background
NP is a chronic pain state that is initiated by peripheral 
and central nervous system injury caused by trauma, in-
flammation, infection or metabolic disease, and includes 
conditions such as distal polyneuropathy due to diabetes 
(diabetic neuropathy, or DN) and post-herpetic neuralgia 
(PHN)[1]. The Canadian Pain Society (CPS) estimates 
(based on 8.2% chronic NP prevalence in the general 
population) that 1 million Canadians live with NP[6-8]. 
Neuropathic pain interferes with activities of  daily living 
and work performance, impairs mood, decreases qual-
ity of  living and generates three-fold increases in health 
care costs relative to matched controls[9]. NP conditions 
involve spontaneous (paroxysmal or ongoing) and stim-
ulus-evoked (e.g., mechanical and thermal) symptoms; 
continuous or intermittent spontaneous pain is frequently 
described as burning, stabbing, shooting or shock-like; 
stimulus-evoked pain includes allodynia (pain in response 
to non-painful stimulation, extreme sensitivity to touch) 
and hyperalgesia (enhanced response to painful stimuli); 
NP can also involve tingling and numbness[1,6,9]. 

TN involves irritation or compression of  the 5th cra-
nial nerve (trigeminal nerve), which evokes paroxysmal 
episodic stabbing pain of  the facial area. Classically, pain 
is described as a sharp, shooting, electric shock-like, uni-
lateral pain with acute onset and termination in distribu-
tion of  the trigeminal nerve; this usually involves the V2 
(maxillary) and V3 (mandibular) divisions but is rare in 
the V1 (ocular) division[10]. TN has an incidence of  4-28 
per 100000 person years[11,12]. It can arise due to vascular 
alterations, non-vascular lesions, or tumours and other 
skull base abnormalities which exert pressure on the 
trigeminal nerve located in the CPA. Trigeminal NP is 
more continuous, and is characterized as burning, aching, 
throbbing[10]. VS, or acoustic neuromas, are the most fre-
quent CPA tumour to cause TN-like symptoms[13]. Non-
trigeminal nociceptive input, concurrent with induced 
masticatory responses (i.e., hypoglossal, spinal accessory, 
facial, glossopharyngeal and vagal motor centers), may 
contribute to the wide constellation of  symptoms seen 
in orofacial pain patients[14]. The distinction between TN 
and trigeminal NP is important, as there are different 
treatment recommendations for each[1,10].

Current algorithms
Treatment guidelines and decision rules improve patient 
outcomes. Recent literature providing strategies for the 
treatment of  NP include the consensus statement and 
guidelines from the CPS[6], as well as the Neuropathic 
Pain Special Interest Group of  the International Associa-
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tion for the Study of  Pain[15,16]. It needs to be emphasized 
that most recommendations have been derived from 
studies on PHN and diabetic neuropathy (DN). The 
European Federation of  Neurological Societies (EFNS) 
Task Force included an approach to the management 
of  NP pain associated with damage to the trigeminal 
nerve[17]. 

There remains a paucity of  information on how to 
assess, diagnose and treat pain in patients with VS or 
other skull base tumours, pain that appears to be of  
neuropathic origin and typically resides within the head, 
face, neck and glossopharyngeal area. In order to provide 
guidance relating to this specialized patient population, 
we constructed an algorithm for NP and craniofacial 
pain, including TN, based on Canadian contemporary 
standards of  care and existing NP treatment algorithms. 
Recommendations consider pharmaceutical agents with 
evidence of  efficacy in neuropathic pain, patient tolera-
bility of  the dose range expected to be needed, and actual 
therapeutic efficacy observed within our clinical practice. 
To date, there has not been a published tool that pro-
vides a clearly-defined algorithm for the assessment and 
treatment of  NP in patients with skull base tumours. It 
is intended that this report provides guidance to primary 
care practitioners treating NP in patients with skull base 
tumours, using specific drugs or combinations of  drugs, 
to improve outcomes in clinical practice with respect to 
patient self-reports of  pain and quality of  life.

CHARACTERIZATION OF PAIN 
ASSOCIATED WITH SKULL BASE 
TUMOURS
Skull base tumours involve the proliferation of  abnor-
mal cells in the part of  the brain that meets the base of  
the skull. Symptoms of  skull base tumours may include 
twitching, paralysis or facial pain. Craniofacial NP dis-
orders include neuropathies, neuromas and neuralgias. 
Although significant interpractitioner and institutional 
variability exists, facial neuropathy and trigeminal nerve 
disturbances are relatively uncommon in comparison 
with unilateral hearing loss, tinnitus and vertigo or even 
idiopathic headache[18,19]. Even if  uncommon, when a pa-
tient presents with what appears to be NP, the origin of  
the pain and appropriate treatment actions may be more 
difficult to determine than the existence of  pain. At the 
very least, the challenge is to identify where the pain is 
coming from and to distinguish it from idiopathic head-
aches. Headaches are present in 50%-60% of  patients 
with unilateral VS at the time of  diagnosis[4,20]. Clinically, 
headaches that are unresponsive to over-the-counter 
analgesics may be a subtle cue that the pain originates 
from compression of  the cranial nerves by the tumour[21]. 
It has been reported that 3% to 45% of  patients with 
CPA VS experience facial paresis, facial neuropathy and 
trigeminal nerve disturbances (hypoesthesia, paresthesia, 
and neuralgia) due to compression by the tumour on the 

ipsilateral[13,22], and less commonly, on contralateral[23] cra-
nial nerves; up to 93% are at risk secondary to irradiation 
treatment[24-27].

The incidence of  pain following SRT treatment is 
common. It has been estimated that 93% of  lesions treat-
ed with SRT leave the patient at risk of  radiation-induced 
TN[26]. Other centers report that trigeminal symptoms 
occur in ≥ 3% of  patients whose tumours approach the 
level of  the trigeminal nerve[25]. It is also important to 
distinguish NP from pain associated with hydrocepha-
lus which may occur following tumour irradiation[19]. As 
such, patients presenting with pain should be referred for 
a magnetic resonance imaging (MRI) or computerized 
tomography scan. It is evident, given the diversity of  pain 
mechanisms and individual patient responses that no 
single drug works for all NP states. In this respect, suc-
cessful management of  pain syndromes first necessitates 
accurate assessment.

PHARMACOLOGICAL MANAGEMENT OF 
NEUROPATHIC PAIN
Assessment of  pain and associated symptoms is neces-
sary for diagnosis and management of  NP. The self-
report version of  the Leeds Assessment of  Neuropathic 
Symptoms and Signs scale and the French Neuropathic 
Pain Group clinician-administered questionnaire called 
DN4 may be used, based on their high sensitivity and se-
lectivity[1,28,29]. The use of  these tools is meant to comple-
ment but not replace clinical judgment.

Current treatment guidelines provide an evidence-
based approach to the treatment of  NP. Treatment guide-
lines have been developed based on data collected from 
randomized controlled clinical trials of  anticonvulsants 
(carbamazepine, oxcarbazepine), tricyclic antidepressants 
(TCAs) (amitriptyline, nortriptyline), serotonin-norepi-
nephrine reuptake inhibitors (SNRIs) (duloxetine, venla-
faxine), calcium channel ligands (gabapentin, pregabalin), 
local anesthetics (5% lidocaine patch), opioids (morphine, 
methadone) and opioid-like hybrid drugs (tramadol)[6,16,17]. 
It should be mentioned that if  the 5% lidocaine patch is 
unavailable, a lidocaine gel formulation or compounded 
cream may be substituted, although limited efficacy in 
non-post-herpetic pain has been reported[30]. A general 
overview of  our suggested algorithm for the manage-
ment of  NP in our clinic is presented in Figures 1 and 2.

The algorithms presented below are based on pub-
lished clinical guidelines to simplify the management 
and evaluation of  NP in patients with lateral skull base 
tumours. Suggested first, second and third line agents 
[determined by efficacy, indicated by number-needed-to-
treat (NNT), and patient tolerability as indicated by num-
ber-needed-to-harm (NNH), or side-effects] are listed in 
Figure 3. NNT and NNH vary according to the etiology 
of  the pain and reference consulted[31,32]. Algorithms for 
individual pharmacological agents include initial starting 
doses, titration doses, temporal intervals and maximal 
dosing schedules[33]. In addition, TCAs, SNRIs, gabapen-
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but otherwise it is not used; this agent has a NNT around 
1.9 with virtually complete pain relief[6,10,34-36] (Table 1). 
Oxcarbazepine can, and should, be substituted for car-
bamazepine if  there is an unacceptable side effect pro-
file[10,34-36] (Table 1).

For management of  NP, there are several TCAs avail-
able, but amitriptyline and nortriptyline are commonly 
used, and exhibit NNT values of  1.3-3.6[32,37-39]; NNH 
values are 3-6 for minor, and 14-28 for major, harm. The 
analgesic properties of  TCAs are independent of  their an-

tinoids, opioid analgesics and tramadol must all be used 
with caution in elderly patients because of  the risk of  
falls and cognitive impairment[15,16]. Recommendations 
are also made regarding the duration of  adequate trials 
at maximum tolerated dosages to evaluate the impact on 
self-reported pain.

Initial and subsequent agents
For management of  classical TN (characterized by parox-
ysmal, unilateral pain), carbamazepine is the first choice, 
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Step 1

Step 2

Step 3

Step 4

Step 5

Assess pain and establish a diagnosis of NP employing screening tests
Identify relevant comorbidities that may be relieved or exacerbated by pharmacological therapy

Take a thorough medication history. Initiate pharmacological treatment

Reassess pain and health-related quality of life  in 4 wk (PTSS)
If substantial pain relief (pain ≤ 3/10 on subjective pain rating scale (0 = no pain, 10 = worst pain 
experienced) and tolerable side effects continue treatment
If partial pain relief (pain remains ≥ 4/10) after an adequate trial and tolerable side effects, add one of 
the other first line  agents to treatment
If no or inadequate pain relief (≤ 30% reduction from baseline) at target dosage and an adequate trial, 
switch to an alternative first-line agent

If trials of first line agents fail, consider 2nd and 3rd line agents alone or in sequential combination

If treatment not effective, try new combination medications and/or refer to pain clinic

Figure 1  Assessment and management of neuropathic pain. NP: Neuropathic pain; PTSS: Pain treatment satisfaction scale.

Ineffective or 
not tolerated

Partial treatment
response

Ineffective or 
not tolerated

Partial treatment
response

Ineffective 
or not tolerated

Initiate first-line drug monotherapy
For TN: carbamazepine

For NP: TCA, SNRI, Ca2+ channel modulator

Switch to alternative 1st-line 
drug as monotherapy

Consider adding another 1st line drug 
or combining with 2nd line agent

Initiate monotherapy with 2nd or 3rd line agents Consider adding tramadol or opioid analgesic

Refer patient to pain specialty clinic for consideration of 
interventional treatments and pain rehabilitation programs

Figure 2  Management of neuropathic pain or trigeminal neuralgia in the Atlantic Lateral Skull Base Clinic. NP: Neuropathic pain; TN: Trigeminal neuralgia; 
SNRI: Serotonin-norepinephrine reuptake inhibitor.
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tidepressant effects, and several mechanisms, in addition 
to blockage of  serotonin and norepinephrine reuptake, 
are involved in their actions[40]. It should be emphasized 
that caution must be employed with the use of  TCAs 
in older patients because of  anticholinergic adverse ef-
fects, sedation, risk of  falls, and risk of  cardiac toxicity. 
Nortriptyline, a metabolite of  amitriptyline with similar 
pharmacological effectiveness reflected in similar NNT 
values[6,37,39], has a lower incidence of  adverse effects 
compared to amitriptyline[32,41]. The lowest effective dose 
of  TCA should be used in NP patients, avoiding patients 
with ischemic heart disease or increased risk of  cardiac 
death[15] (Table 1). Where available, lidocaine medicated 
plaster (NNT = 4.4, NNH = 29), a topical formulation, 
can be considered first-line treatment if  the pain is focal 
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Initial

Subsequent

3rd line

Carbamazepine (TN only)
TCAs, SNRIs, 
gabapentin, pregabalin
Topical lidocaine (focal)

Alternate 1st or 2nd line 
agents

Tramadol
Opioid analgesics

Note: Prescribers should be aware of 
drug blood level and toxicity monitoring 
protocols, pharmacokinetic and 
pharmacodynamic properties of drugs, and 
side effects and drug interactions

Table 1  Summary of drugs used for management of trigeminal neuralgia and neuropathic pain

Drug Action Dosing Common side effects1

CBZ Blocks Na+ and Ca2+ channels 300-1000 mg; 100 mg BID initially, increase by 
200 mg weekly
Adequate trial 8-12 wk, 
2 wk at maximal dose

Drowsiness, ataxia, headaches, nausea, vomiting, 
constipation, blurred vision, rash
Drug interactions
Taper doses when discontinuing

OXC Keto derivative of CBZ, same 
actions

Equivalent efficacy to CBZ; 300-2400 mg; 
300 mg BID initially, increase by 600 mg 
weekly
Adequate trial 8-12 wk, 2 wk at 
maximal dose

Improved tolerability compared to CBZ
Vertigo, fatigue, dizziness, nausea, hyponatraemia in 
high doses
No major drug interactions
Taper doses when discontinuing

TCAs or tricyclic 
antidepressants: 
nortriptyline, 
amitriptyline

Block NA and 5-HT reuptake, 
block Na+ channels, interact 
with several neurotransmitter 
systems

Nortriptyline 10 mg (elderly) or 25 mg 
(adult) at bedtime; increase dose by 10 or 
25 mg every 3-7 d; up to 75-100 mg daily
Adequate trial 6-8 wk, 2 wk at maximal dose
Amitriptyline doses similar

Nortriptyline is better tolerated than amitriptyline
Dry mouth, constipation, blurred vision, sedation, 
orthostatic hypotension
Taper doses when discontinuing

SNRIs or 
serotonin-
noradrenaline 
reuptake 
inhibitors: 
Duloxetine, 
Venlafaxine 

Similar actions to TCAs, but 
fewer interactions with
 receptor systems

Duloxetine: 60 mg/d, increase to 
120 mg after 1 wk
Venlafaxine: 75 mg/d, increase to 
225 mg over 3 wk
Adequate trial 4-6 wk, 2 wk at 
maximum dose

Headache, nausea, dry mouth, sleepiness, fatigue, 
constipation, dizziness, decreased appetite, and 
increased sweating. Taper doses when discontinuing
Drowsiness, dizziness, weakness, feeling nervous, 
tinnitus, increased sweating, blurred vision, dry 
mouth, changes in appetite or weight, facial flushing, 
mild nausea, constipation, sexual side-effects
Taper doses over 7-10 d when discontinuing

Gabapentin Ca2+ channel modulator 100-300 mg TID, increase dose every 
1-7 d; maximum dose 3600 mg daily
Adequate trial 3-8 wk titration, 
2-8 wk at maximal dose

Dizziness, sedation, weight gain, weakness, tiredness, 
nausea, diarrhea, constipation, blurred vision, 
headache, breast swelling, dry mouth, fatigue, 
myalgia, loss of balance or coordination
Taper doses when discontinuing

Pregabalin Ca2+ channel modulator 50 mg OD or 25 mg BID, double dose 
each week; maximum daily dose 600 mg
Adequate trial is 4 wk at maximal dose

Dizziness, drowsiness, loss of balance or coordination, 
problems with memory or concentration, anxiety, 
depersonalization, hypertonia, hypesthesia, 
decreased libido, nystagmus, paresthesia, twitching, 
breast swelling, tremors, dry mouth, constipation
Taper doses when discontinuing (minimum of one 
week)

Tramadol Inhibits NA and 5-HT
reuptake, binds opioid 
receptors

50 mg BID, increase by 50-100 mg daily in 
divided doses over 3-7 d as tolerated; 400 mg 
is maximum dose (300 mg in elderly)
Adequate trial is 4 wk at maximum dose

Dizziness, spinning sensation, constipation, upset 
stomach, headache, drowsiness, feeling nervous or 
anxious

Morphine Interacts with mu opioid 
receptors in spinal cord and 
brain, regulates synaptic 
activity in pain pathways

10-15 mg q4h or prn (equianalgesic doses 
for other opioids); after 1-2 wk, convert to 
long-acting opioid 
(e.g., CR hydromorphone)
Titration allows for dose escalation
Adequate trial is 4-6 wk

Sedation, pruritus, constipation, diarrhea, weight 
loss, nausea, vomiting, stomach pain, loss of appetite, 
flushing (warmth, redness, tingling), headache, 
dizziness, spinning sensation, memory problems, 
sleep problems (insomnia), strange dreams
Taper doses when discontinuing

1These are not a complete list of side effects and others may occur. CBZ: Carbamazepine; 5-HT: Serotonin; NA: Noradrenaline; OXC: Oxcarbazepine; q4h: 
Every four hours; BID: Twice a day; TCA: Tricyclic antidepressant; SNRI: Serotonin-norepinephrine reuptake inhibitors; prn: Pro re nata; TID: Three times a 
day; OD: Once daily; CR: Continuous release.

Figure 3  Treatment algorithm for trigeminal neuralgia or neuropathic 
craniofacial pain. TN: Trigeminal neuralgia; SNRIs: Serotonin-norepinephrine 
reuptake inhibitors; TCA: Tricyclic antidepressant.
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and there are tolerability issues for oral formulations[16,37].
The EFNS and Neuropathic Pain Special Interest 

Group (NeuPSIG) recommend the two SNRIs, duloxetine 
and venlafaxine, as first-line options, while Canadian guide-
lines consider these second-line options for treatment of  
NP. Duloxetine (NNT = 5-6; NNH = 7-9 minor, 13-15 
major) has primarily been examined in DN, while venlafax-
ine (NNT = 3-5, NNH = 7-9 minor, 16 major) has been 
examined in a broader range of  NP conditions[31,37-39] (Table 
1). Venlafaxine may be employed in combination with ga-
bapentin to increase its efficacy[16,30,42,43].

The Consensus Statement and Guidelines from the 
Canadian Pain Society list gabapentin and pregabalin as 
first-line agents in the treatment of  NP[6]. Most of  the 
literature and guidelines for NP are based on PHN and 
DN and may not be applicable to all NP conditions[9,15]. 
Gabapentin (NNT = 4.1-6.4, NNH = 3.7) and pregaba-
lin (NNT = 3.3-6.0, NNH = 3.7-8.8) (Table 1)[32,37,38] can 
be considered as first- or second-line agents for manage-
ment of  orofacial NP associated with skull base tumours. 
The EFNS Task Force has identified the usefulness of  
combination therapy, including TCA-gabapentin for the 
management of  NP and TN[17] (Figure 2).

Gabapentin and pregabalin decrease the release 
of  several neurotransmitters involved in pain through 
binding to the α2-δ subunit of  voltage-gated calcium 
channels, synaptic γ-aminobutyric acid modulation and 
synaptogenesis[44]. Side effects of  gabapentin include dry 
mouth, dizziness, gastrointestinal disturbances and cogni-
tive impairment. There is some evidence that the efficacy 
of  gabapentin is increased in painful DN, when com-
bined with venlafaxine or morphine[31,45]. Combination of  
gabapentin with nortriptyline was superior to either drug 
alone, and combination of  gabapentin with opioids has 
shown increased efficacy for the treatment of  TN and 
NP[17] (Figure 2). 

Third-line agents
Tramadol, a hybrid drug with SNRI and μ-opioid agonist 
properties, has a NNT = 3.4-4.9, and a NNH = 7.7; it 
should not be combined with TCAs due to increased risk 
of  serotonin syndrome[32,37] (Table 1). Opioids are gener-
ally safe if  titrated slowly[46]. While there is some evidence 
to support opioids in NP[15,32,37,39], opioids as primary 
therapy are not always effective, and combination therapy 
may be needed[31,42,44]. The analgesic efficacy of  a combi-
nation of  morphine and gabapentin was increased com-
pared to each individual agent in patients with PHN and 
painful DN; however, while the maximal tolerated doses 
were lower in combination therapy, there was report of  
increased adverse effects[16].

There are many liabilities and controversies surround-
ing the use of  opioids in those with chronic non-cancer 
pain[28,46]. For treating NP with opioids we follow recom-
mendations of  the 2010 National Opioid Use Guideline 
Group[46]; referral to a chronic pain service is indicated 
when combination therapies involve primary and adju-
vant treatment beyond the common agents listed.

Other agents
Although beyond the scope of  this document and better 
reserved for pain specialty clinics, interventional proce-
dures, compounded drugs (such as carbamazepine, gaba-
pentin, antidepressants, lidocaine) delivered as topical for-
mulations for the orofacial region[47], invasive techniques 
(may include intravenous lidocaine)[6] or intradermal 
botulinum toxin[16] may be considered. Several recent case 
series reports and a controlled study support the efficacy 
and safety of  botulinum toxin for TN[48-50]. Future treat-
ment guidelines will position these options within current 
schemes.

CASE EXAMPLES
Two case examples of  the presentation and treatment of  
neuropathic pain resulting from VS are outlined below.

Case 1
Presentation and diagnosis: RG, a 72-year-old retired fire-
man, presented to the Atlantic Lateral Skull Base Clinic in 
August 2010 with progressive right-sided hearing loss and 
tinnitus over 1-2 years with a new presentation of  numb-
ness and tingling on the right side of  his face including 
the tip of  his tongue. MRI revealed a right-sided cerebel-
lar pontine angle tumour (25 mm × 27 mm) in the axial 
plane with mass effect on the brainstem consistent with 
a vestibular schwannoma/acoustic neuroma. RG opted 
for stereotactic radiation therapy (SRT) over surgery or a 
more conservative “wait and scan” approach. 

Symptoms prior to treatment: In December 2010, 
prior to SRT therapy, lidocaine hydrochloride swish and 
spit was ineffective in controlling symptoms. In Janu-
ary 2011, he reported exacerbation of  symptoms on the 
right side of  his face, dysesthesia rather than numbness, 
constant burning involving the tip of  the tongue and the 
bottom of  the tongue on the right hand side; symptoms 
were exacerbated by eating. He had lost 30 pounds due 
to decreased food intake. Pregabalin 75 mg twice a day 
and dexamethasone 4 mg every morning with breakfast 
was prescribed. Over the next month, pregabalin was 
increased to 150 mg twice a day as he noted some early 
improvement. The pregabalin dose was again increased 
to 300 mg and RG gained 3 pounds.

Treatment and follow up: SRT began in February 
2011. RG noticed an immediate improvement in his tin-
nitus. In March 2011, gabapentin replaced pregabalin 
and was increased to 1800 mg/d while dexamethasone 
weaning began. RG experienced hypotension in response 
to the increase in gabapentin and the dose was decreased 
to 300 mg three times a day. SRT was completed in April 
2011. At this time, RG reported increased facial pain, so 
gabapentin was increased to 1200 and then 1500 mg/d. 
RG was not reporting any relief  from symptoms, and 
numbness and right-sided trigeminal neuralgia persisted. 
In October 2011, he was weaned off  gabapentin, and 
amitriptyline was prescribed for facial pain 10 mg every 
night, and increased to 20 mg after 1 wk. In November 
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2011, he reported side effects which included sleepiness 
and nausea. His family doctor changed the prescription 
to nortriptyline 10 mg for 5 d, then 20 mg/d for 5 d, and 
then 30 mg/d, with a plan to increase this again in the 
next 5 d to 50 mg/d, his current dose in February 2012. 
He has improved facial pain and reports improvements in 
eating and tasting food. He still has some paresthesia and 
dysesthesia in the right side of  his face in the trigeminal 
distribution in all 3 branches. His vestibular schwannoma 
has shrunk by 0.5 cm.

Case 2
Presentation and diagnosis: DB aged 71, presented to the 
Atlantic Lateral Skull Base Clinic in March 2008 report-
ing a recent history of  loud noises prompting headaches. 
She subsequently had an audiogram which showed slight 
decrease in useful hearing on the right side compared to 
the left. An MRI (November 2007) revealed a small right-
sided acoustic neuroma (18 mm × 9 mm in the axial 
plane). General ears, nose and throat exam was normal, 
other than the slight decrease in useful hearing; no tinnitus 
or vertigo was reported. The Unterberger stepping test 
revealed a moderate pulling to the right; cerebellar and 
oculomotor function was normal. Her facial nerve was 
completely normal with no facial weakness, facial twitch-
ing or facial numbness. She remained stable for a year. 

Symptoms prior to treatment: In July 2009, her hear-
ing deteriorated, to 60% of  normal, and she was experi-
encing disequilibrium. MRI revealed slight growth in the 
neuroma (20 mm in longest dimension, 13 mm perpen-
dicular to the petrous apex). A subsequent MRI in No-
vember 2009 showed further growth (20 mm × 15 mm).

Treatment and follow up: DB was referred for SRT, 
and this was completed June 2010. MRI in January 2011 
revealed central cystic changes in tumour composition 
consistent with SRT. DB reported no new clinical symp-
toms other than further decrease in hearing on the right 
side.

In March 2011, new neurological symptoms emerged. 
Initially she described the right side of  her tongue as 
heavy. She began to have some right-sided painful sec-
ondary paresthesia on her face in cheek area, upper and 
lower lips and tongue [maxillary (V2) and mandibular 
(V3) divisions of  the trigeminal nerve] that she describes 
as a persistent burning sensation that is made worse by 
eating. She also described discomfort in her right eye and 
right-sided facial twitching. MRI in March 2011 showed 
swelling of  the tumour in the right CPA consistent with 
SRT-induced changes. She was started on gabapentin 300 
mg once daily for one week, increasing the dose to twice 
daily the second week, and thrice daily for the third week 
if  tolerated.

In November of  2011 she returned. Gabapentin 300 
mg once daily reduced her symptoms; however, it was as-
sociated with intolerable constipation and myalgia in the 
upper arms. She was weaned off  gabapentin and her con-
stipation and myalgia dissipated. The right-sided acoustic 
neuroma had further decreased in size, approximately 18 
mm × 12 mm (May 2013) compared to 22 mm × 16 mm 

(April 2012), yet she continued to experience persistent 
chronic orofacial pain. While it is possible that DB would 
be refractory to other pharmacologic interventions, she 
has declined further interventions, despite the pain and 
effect on her quality of  life.

CONCLUSION
The present report describes evidence for application 
of  pain management strategies in patients with VS. A 
decision tool and treatment algorithm is presented to fa-
cilitate evaluation and management of  patients with NP 
resulting from skull base disorders. A pharmacological 
algorithm, with primary and adjuvant treatment, sum-
marizes pharmaceutical choice and management of  NP 
and TN in patients with VS and can be made available 
in the clinic for quick review by the treating physicians. 
This instrument is intended to guide treatment of  neu-
ropathic/trigeminal pain in patients in acute care or am-
bulatory clinical settings. Essential to the comprehensive 
management of  patients is evaluation of  the effects of  
the intervention on quality-of-life and patient satisfac-
tion with pain management. Patient satisfaction with 
pain management, using the Pain Treatment Satisfaction 
Scale[51], as well as the American Pain Society Satisfaction 
Survey, was influenced by effectiveness of  medication on 
pain severity, independent of  initial pain intensity, and by 
communication[52]. Comparison of  outcome data (self-
reported pain and quality of  life) will elucidate the use 
of  standardized approaches to managing pain among 
patients with specific skull base etiology. The purpose of  
the present treatment algorithm was to develop a com-
mon scheme that may be utilized by beginning practitio-
ners for treating this relatively uncommon, but clinically 
challenging, condition.

REFERENCES
1	 Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis, 

pathophysiological mechanisms, and treatment. Lancet Neu-
rol 2010; 9: 807-819 [PMID: 20650402 DOI: 10.1016/S1474-442
2(10)70143-5]

2	 Elias WJ, Burchiel KJ. Trigeminal neuralgia and other neuro-
pathic pain syndromes of the head and face. Curr Pain Head-
ache Rep 2002; 6: 115-124 [PMID: 11872182 DOI: 10.1007/s119
16-002-0007-8]

3	 Zakrzewska JM. Diagnosis and differential diagnosis of tri-
geminal neuralgia. Clin J Pain 2002; 18: 14-21 [PMID: 11803298 
DOI: 10.1097/00002508-200201000-00003]

4	 Kutz JW. Acoustic neuroma. 2011. Available from: URL: 
http: //emedicine.medscape.com/article/882876-overview

5	 Statistics Canada. Canada’s population estimates. 2011. Av
ailable from: URL: http: //www.statcan.gc.ca/daily-quotidi-
en/100929/t100929b3-eng.htm

6	 Moulin DE, Clark AJ, Gilron I, Ware MA, Watson CP, Sessle 
BJ, Coderre T, Morley-Forster PK, Stinson J, Boulanger A, 
Peng P, Finley GA, Taenzer P, Squire P, Dion D, Cholkan 
A, Gilani A, Gordon A, Henry J, Jovey R, Lynch M, Mailis-
Gagnon A, Panju A, Rollman GB, Velly A. Pharmacological 
management of chronic neuropathic pain-consensus state-
ment and guidelines from the Canadian Pain Society. Pain 
Res Manag 2007; 12: 13-21 [PMID: 17372630]

7	 Torrance N, Smith BH, Bennett MI, Lee AJ. The epidemiol-

30 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Hebb ALO et al . Pharmacological management of neuropathic pain



ogy of chronic pain of predominantly neuropathic origin. 
Results from a general population survey. J Pain 2006; 7: 
281-289 [PMID: 16618472 DOI: 10.1016/j.jpain.2005.11.008]

8	 Smith BH, Torrance N. Epidemiology of neuropathic pain 
and its impact on quality of life. Curr Pain Headache Rep 2012; 
16: 191-198 [PMID: 22395856 DOI: 10.1007/s11916-012-0256-0]

9	 Gilron I, Watson CP, Cahill CM, Moulin DE. Neuropathic pa
in: a practical guide for the clinician. CMAJ 2006; 175: 265-275 
[PMID: 16880448 DOI: 10.1503/cmaj.060146]

10	 Zakrzewska JM. Medical management of trigeminal neu-
ropathic pains. Expert Opin Pharmacother 2010; 11: 1239-1254 
[PMID: 20426709 DOI: 10.1517/14656561003767449]

11	 Koopman JS, Deilman JP, Huygen FJ, de Mos M, Martin 
CG, Sturkenboom MC. Incidence of facial pain in the general 
population. Pain 2009; 147: 122-127 [PMID: 19783099 DOI: 
10.1016/j/pain.2009.08.023]

12	 van Hecke O, Austin SK, Khan RA, Smith BH, Torrance N. 
Neuropathic pain in the general population: a systematic 
review of epidemiological studies. Pain 2014; 155: 654-662 
[PMID: 24291734 DOI: 10.1016/j.pain.2013.11.013]

13	 Matsuka Y, Fort ET, Merrill RL. Trigeminal neuralgia due to 
an acoustic neuroma in the cerebellopontine angle. J Orofac 
Pain 2000; 14: 147-151 [PMID: 11203749]

14	 Türp JC, Kowalski CJ, O’Leary N, Stohler CS. Pain maps 
from facial pain patients indicate a broad pain geography. J 
Dent Res 1998; 77: 1465-1472 [PMID: 9649175 DOI: 10.1177/0
0220345980770061101]

15	 Dworkin RH, O’Connor AB, Backonja M, Farrar JT, Finnerup 
NB, Jensen TS, Kalso EA, Loeser JD, Miaskowski C, Nur-
mikko TJ, Portenoy RK, Rice AS, Stacey BR, Treede RD, Turk 
DC, Wallace MS. Pharmacologic management of neuropathic 
pain: evidence-based recommendations. Pain 2007; 132: 
237-251 [PMID: 17920770 DOI: 10.1016/j.pain.2007.08.033]

16	 Dworkin RH, O’Connor AB, Audette J, Baron R, Gourlay 
GK, Haanpaa ML, Kent JL, Krane EJ, LeBel AA, Levy RM, 
Mackey SC, Mayer DC, Miaskowski C, Raja SN, Rice AS, 
Schmader KE, Stacey B, Stanos S, Treede RD, Turk DC, 
Walco GA, Wells CD. Recommendations for the pharmaco-
logical management of neuropathic pain: an overview and 
literature update. Mayo Clin Proc 2010; 85: S3-S14 [PMID: 
20194146 DOI: 10.4065/mcp.2009.0649]

17	 Attal N, Cruccu G, Baron R, Haanpää M, Hansson P, Jensen 
TS, Nurmikko T. EFNS guidelines on the pharmacological 
treatment of neuropathic pain: 2010 revision. Eur J Neurol 
2010; 17: 1113-e88 [PMID: 20402746 DOI: 10.1111/j.1468-1331
.2010.02999.x]

18	 Morrison GA, Sterkers JM. Unusual presentations of acous-
tic tumours. Clin Otolaryngol Allied Sci 1996; 21: 80-83 [PMID: 
8674229 DOI: 10.1111/j.1365-2273.1996.tb01030.x]

19	 Shin YJ, Lapeyre-Mestre M, Gafsi I, Cognard C, Deguine O, 
Tremoulet M, Fraysse B. Neurotological complications after 
radiosurgery versus conservative management in acoustic 
neuromas: a systematic review-based study. Acta Otolaryngol 
2003; 123: 59-64 [PMID: 12625575 DOI: 10.1081/00365540210
00028084]

20	 Walter J, Roland PS, Isaacson B. Acoustic Neuroma. Med-
scape 2011. Available from: URL: http: //emedicine.med-
scape.com/article/882876-overview#showall

21	 Hankinson T, Haque R, Kellner CP, Bruce JN, Sinson GP, 
Reiter GT. Skull Base Tumours. Medscape 2011. Available 
from: URL: http: //emedicine.medscape.com/article/
250237-overview

22	 Matthies C, Samii M. Management of 1000 vestibular 
schwannomas (acoustic neuromas): clinical presentation. 
Neurosurgery 1997; 40: 1-10 [DOI: 10.1097/00006123-19970100
0-00001]

23	 Chamadoira C, Cerejo A, Duarte F, Vaz R. [Trigeminal neu-
ralgia caused by contra lateral cerebellopontine angle tumor. 
A case report]. Neurocirugia (Astur) 2010; 21: 50-52 [PMID: 
20186375]

24	 Chung WY, Liu KD, Shiau CY, Wu HM, Wang LW, Guo 
WY, Ho DM, Pan DH. Gamma knife surgery for vestibular 
schwannoma: 10-year experience of 195 cases. J Neurosurg 2005; 
102 Suppl: 87-96 [PMID: 15662787 DOI: 10.3171/jns.2005.102.
s_supplement.0087]

25	 Lunsford LD, Niranjan A, Flickinger JC, Maitz A, Kon-
dziolka D. Radiosurgery of vestibular schwannomas: 
summary of experience in 829 cases. J Neurosurg 2005; 102 
Suppl: 195-199 [PMID: 15662809 DOI: 10.3171/jns.2005.102.
s_supplement.0195]

26	 Combs SE, Thilmann C, Debus J, Schulz-Ertner D. Long-
term outcome of stereotactic radiosurgery (SRS) in patients 
with acoustic neuromas. Int J Radiat Oncol Biol Phys 2006; 64: 
1341-1347 [PMID: 16464537 DOI: 10.1016/j.ijrobp.2005.10.024]

27	 Sughrue ME, Yang I, Han SJ, Aranda D, Kane AJ, Amoils M, 
Smith ZA, Parsa AT. Non-audiofacial morbidity after Gam-
ma Knife surgery for vestibular schwannoma. Neurosurg 
Focus 2009; 27: E4 [PMID: 19951057 DOI: 10.3171/2009.9.FO-
CUS09198]

28	 Bennett MI, Smith BH, Torrance N, Potter J. The S-LANSS 
score for identifying pain of predominantly neuropathic origin: 
validation for use in clinical and postal research. J Pain 2005; 6: 
149-158 [PMID: 15772908 DOI: 10.1016/j.jpain.2004.11.007]

29	 Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, 
Bruxelle J, Cunin G, Fermanian J, Ginies P, Grun-Overdyk-
ing A, Jafari-Schluep H, Lantéri-Minet M, Laurent B, Mick G, 
Serrie A, Valade D, Vicaut E. Comparison of pain syndromes 
associated with nervous or somatic lesions and develop-
ment of a new neuropathic pain diagnostic questionnaire 
(DN4). Pain 2005; 114: 29-36 [PMID: 15733628 DOI: 10.1016/j.
pain.2004.12.010]

30	 O’Connor AB, Dworkin RH. Treatment of neuropathic 
pain: an overview of recent guidelines. Am J Med 2009; 122: 
S22-S32 [PMID: 19801049]

31	 Finnerup NB, Otto M, McQuay HJ, Jensen TS, Sindrup SH. 
Algorithm for neuropathic pain treatment: an evidence based 
proposal. Pain 2005; 118: 289-305 [PMID: 16213659 DOI: 
10.1016/j.pain.2005.08.013]

32	 Jefferies K. Treatment of neuropathic pain. Semin Neurol 2010; 
30: 425-432 [PMID: 20941675 DOI: 10.1055/s-0030-1267286]

33	 E-CPS. Compendium of pharmaceuticals and specialties. 2012 
(online). Available from: URL: http: //www.pharmacists.ca/
index.cfm/function/store/PublicationDetail.cfm?pPub=5

34	 Cruccu G, Gronseth G, Alksne J, Argoff C, Brainin M, Bur-
chiel K, Nurmikko T, Zakrzewska JM. AAN-EFNS guide-
lines on trigeminal neuralgia management. Eur J Neurol 2008; 
15: 1013-1028 [PMID: 18721143 DOI: 10.1111/j.1468-1331.200
8.02185.x]

35	 Cruccu G, Truini A. Refractory trigeminal neuralgia. Non-
surgical treatment options. CNS Drugs 2013; 27: 91-96 [PMID: 
23225488 DOI: 10.1007/s40263-012-0023-0]

36	 Jorns TP, Zakrzewska JM. Evidence-based approach to the 
medical management of trigeminal neuralgia. Br J Neurosurg 
2007; 21: 253-261 [PMID: 17612914 DOI: 10.1080/0268869070
1219175]

37	 Lindsay TJ, Rodgers BC, Savath V, Hettinger K. Treating 
diabetic peripheral neuropathic pain. Am Fam Physician 2010; 
82: 151-158 [PMID: 20642268]

38	 Moore RA, Derry S, Aldington D, Cole P, Wiffen PJ. Amitripty-
line for neuropathic pain and fibromyalgia in adults. Cochrane 
Database Syst Rev 2012; 12: CD008242 [DOI: 10.1002/14651858]

39	 Watson CP, Gilron I, Sawynok J, Lynch ME. Nontricyclic an-
tidepressant analgesics and pain: are serotonin norepineph-
rine reuptake inhibitors (SNRIs) any better? Pain 2011; 152: 
2206-2210 [PMID: 21723037 DOI: 10.1016/j.pain.2011.05.032]

40	 Verdu B, Decosterd I, Buclin T, Stiefel F, Berney A. Antide-
pressants for the treatment of chronic pain. Drugs 2008; 68: 
2611-2632 [PMID: 19093703 DOI: 10.2165/0003495-200868180
-00007]

41	 Watson CP, Vernich L, Chipman M, Reed K. Nortriptyline 

31 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Hebb ALO et al . Pharmacological management of neuropathic pain



versus amitriptyline in postherpetic neuralgia: a random-
ized trial. Neurology 1998; 51: 1166-1171 [PMID: 9781549 DOI: 
10.1212/WNL.51.4.1166]

42	 Backonja MM, Irving G, Argoff C. Rational multidrug ther-
apy in the treatment of neuropathic pain. Curr Pain Headache 
Rep 2006; 10: 34-38 [PMID: 16499828 DOI: 10.1007/s11916-00
6-0007-1]

43	 Vorobeychik Y, Gordin V, Mao J, Chen L. Combination ther-
apy for neuropathic pain: a review of current evidence. CNS 
Drugs 2011; 25: 1023-1034 [PMID: 22133325 DOI: 10.2165/1159
6280-000000000-00000]

44	 Taylor CP. Mechanisms of analgesia by gabapentin and pre-
gabalin--calcium channel alpha2-delta [Cavalpha2-delta] li-
gands. Pain 2009; 142: 13-16 [PMID: 19128880 DOI: 10.1016/j.
pain.2008.11.019]

45	 Gilron I, Bailey JM, Tu D, Holden RR, Weaver DF, Houl-
den RL. Morphine, gabapentin, or their combination for 
neuropathic pain. N Engl J Med 2005; 352: 1324-1334 [PMID: 
15800228 DOI: 10.1056/NEJMoa042580]

46	 NOUGG (National Opioid Use Guideline Group). Cana
dian Guideline for Safe and Effective Use of Opioids for 
Chronic Non-Cancer Pain. 2010. Available from: URL: http: 
//nationalpaincentre.mcmaster.ca/opioid/

47	 Heir G, Karolchek S, Kalladka M, Vishwanath A, Gomes J, 
Khatri R, Nasri C, Eliav E, Ananthan S. Use of topical medi-
cation in orofacial neuropathic pain: a retrospective study. 

Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008; 105: 
466-469 [PMID: 18329583 DOI: 10.1016/j.tripleo.2007.09.030]

48	 Zúñiga C, Díaz S, Piedimonte F, Micheli F. Beneficial effects 
of botulinum toxin type A in trigeminal neuralgia. Arq Neu-
ropsiquiatr 2008; 66: 500-503 [PMID: 18813708 DOI: 10.1590/
S0004-282X2008000400012]

49	 Bohluli B, Motamedi MH, Bagheri SC, Bayat M, Lassemi 
E, Navi F, Moharamnejad N. Use of botulinum toxin A for 
drug-refractory trigeminal neuralgia: preliminary report. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2011; 111: 
47-50 [PMID: 20674409 DOI: 10.1016/j.tripleo.2010.04.043]

50	 Wu CJ, Lian YJ, Zheng YK, Zhang HF, Chen Y, Xie NC, 
Wang LJ. Botulinum toxin type A for the treatment of tri-
geminal neuralgia: results from a randomized, double-blind, 
placebo-controlled trial. Cephalalgia 2012; 32: 443-450 [PMID: 
22492424 DOI: 10.1177/0333102412441721]

51	 Evans CJ, Trudeau E, Mertzanis P, Marquis P, Peña BM, 
Wong J, Mayne T. Development and validation of the Pain 
Treatment Satisfaction Scale (PTSS): a patient satisfaction 
questionnaire for use in patients with chronic or acute pain. 
Pain 2004; 112: 254-266 [PMID: 15561380 DOI: 10.1016/j.
pain.2004.09.005]

52	 Carlson J, Youngblood R, Dalton JA, Blau W, Lindley C. Is 
patient satisfaction a legitimate outcome of pain manage-
ment? J Pain Symptom Manage 2003; 25: 264-275 [PMID: 
12614961 DOI: 10.1016/S0885-3924(02)00677-2]

P- Reviewer: Gottschalk A, Noll-Hussong M, Tao F    
S- Editor: Ji FF    L- Editor: A    E- Editor: Liu SQ  

32 June 9, 2014|Volume 3|Issue 2|WJP|www.wjgnet.com

Hebb ALO et al . Pharmacological management of neuropathic pain



GENERAL INFORMATION
World Journal of  Pharmacology (World J Pharmacol, WJP, online ISSN 
2220-3192, DOI: 10.5497) is a peer-reviewed open access (OA) aca-
demic journal that aims to guide clinical practice and improve diagnos-
tic and therapeutic skills of  clinicians.

Aim and scope
WJP covers topics concerning neuropsychiatric pharmacology, cere-
brovascular pharmacology, geriatric pharmacology, anti-inflamma-
tory and immunological pharmacology, antitumor pharmacology, 
anti-infective pharmacology, metabolic pharmacology, gastrointes-
tinal and hepatic pharmacology, respiratory pharmacology, blood 
pharmacology, urinary and reproductive pharmacology, pharmaco-
kinetics and pharmacodynamics, clinical pharmacology, and drug 
toxicology. The current columns of  WJP include editorial, frontier, 
therapeutics advances, field of  vision, mini-reviews, review, topic 
highlight, medical ethics, original articles, case report, clinical case 
conference (Clinicopathological conference), and autobiography. 

We encourage authors to submit their manuscripts to WJP. 
We will give priority to manuscripts that are supported by major 
national and international foundations and those that are of  great 
basic and clinical significance.

WJP is edited and published by Baishideng Publishing Group 
(BPG). BPG has a strong professional editorial team composed 
of  science editors, language editors and electronic editors. BPG 
currently publishes 43 OA clinical medical journals, including 42 
in English, has a total of  15471 editorial board members or peer 
reviewers, and is a world first-class publisher.

Columns
The columns in the issues of  WJP will include: (1) Editorial: The 
editorial board members are invited to make comments on an im-
portant topic in their field in terms of  its current research status 
and future directions to lead the development of  this discipline; (2) 
Frontier: The editorial board members are invited to select a highly 
cited cutting-edge original paper of  his/her own to summarize ma-
jor findings, the problems that have been resolved and remain to be 
resolved, and future research directions to help readers understand 
his/her important academic point of  view and future research dir-
ections in the field; (3) Diagnostic Advances: The editorial board 
members are invited to write high-quality diagnostic advances in 
their field to improve the diagnostic skills of  readers. The topic 
covers general clinical diagnosis, differential diagnosis, pathological 
diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic diag-
nosis, biotechnological diagnosis, functional diagnosis, and physical 
diagnosis; (4) Therapeutics Advances: The editorial board members 
are invited to write high-quality therapeutic advances in their field 
to help improve the therapeutic skills of  readers. The topic covers 
medication therapy, psychotherapy, physical therapy, replacement 
therapy, interventional therapy, minimally invasive therapy, endo-
scopic therapy, transplantation therapy, and surgical therapy; (5) 
Field of  Vision: The editorial board members are invited to write 
commentaries on classic articles, hot topic articles, or latest articles 
to keep readers at the forefront of  research and increase their levels 
of  clinical research. Classic articles refer to papers that are included 
in Web of  Knowledge and have received a large number of  citations 
(ranking in the top 1%) after being published for more than years, 
reflecting the quality and impact of  papers. Hot topic articles refer 
to papers that are included in Web of  Knowledge and have received 
a large number of  citations after being published for no more 

than 2 years, reflecting cutting-edge trends in scientific research. 
Latest articles refer to the latest published high-quality papers that 
are included in PubMed, reflecting the latest research trends. These 
commentary articles should focus on the status quo of  research, the 
most important research topics, the problems that have now been 
resolved and remain to be resolved, and future research directions. 
Basic information about the article to be commented (including 
authors, article title, journal name, year, volume, and inclusive page 
numbers; (6) Minireviews: The editorial board members are invited 
to write short reviews on recent advances and trends in research of  
molecular biology, genomics, and related cutting-edge technologies 
to provide readers with the latest knowledge and help improve their 
diagnostic and therapeutic skills; (7) Review: To make a systematic 
review to focus on the status quo of  research, the most important re-
search topics, the problems that have now been resolved and remain 
to be resolved, and future research directions; (8) Topic Highlight: 
The editorial board members are invited to write a series of  articles 
(7-10 articles) to comment and discuss a hot topic to help improve 
the diagnostic and therapeutic skills of  readers; (9) Medical Eth-
ics: The editorial board members are invited to write articles about 
medical ethics to increase readers’ knowledge of  medical ethics. The 
topic covers international ethics guidelines, animal studies, clinical 
trials, organ transplantation, etc.; (10) Clinical Case Conference or 
Clinicopathological Conference: The editorial board members are in-
vited to contribute high-quality clinical case conference; (11) Original 
Articles: To report innovative and original findings in pharmacology; 
(12) Research Report: To briefly report the novel and innovative 
findings in pharmacology; (13) Meta-Analysis: Covers the systematic 
review, mixedtreatment comparison, meta-regression, and overview 
of  reviews, in order to summarize a given quantitative effect, e.g., the 
clinical effectiveness and safety of  clinical treatments by combining 
data from two or more randomized controlled trials, thereby providing 
more precise and externally valid estimates than those which would 
stem from each individual dataset if  analyzed separately from the oth-
ers; (14) Case Report: To report a rare or typical case; (15) Letters to 
the Editor: To discuss and make reply to the contributions published 
in WJP, or to introduce and comment on a controversial issue of  
general interest; (16) Book Reviews: To introduce and comment on 
quality monographs of  pharmacology; and (17) Autobiography: The 
editorial board members are invited to write their autobiography to 
provide readers with stories of  success or failure in their scientific re-
search career. The topic covers their basic personal information and 
information about when they started doing research work, where 
and how they did research work, what they have achieved, and their 
lessons from success or failure.

Name of journal
World Journal of  Pharmacology

ISSN
ISSN 2220-3192 (online)

Launch date
February 9, 2012

Frequency
Quarterly

Editor-in-Chief
Geoffrey Burnstock, PhD, DSc, FAA, FRCS (Hon), FRCP 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
www.wjgnet.com

IWJP|www.wjgnet.com June 9, 2014|Volume 3|Issue 2|

World J Pharmacol  2014 June 9; 3(2): I-V
ISSN 2220-3192 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

INSTRUCTIONS TO AUTHORS

World Journal of 
PharmacologyW J P



Instructions to authors

(Hon), FmedSci, FRS, Professor, Autonomic Neuroscience 
Centre, University College Medical School, Royal Free Campus, 
Rowland Hill Street, London NW3 2PF, United Kingdom

Editorial office
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Pharmacology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Publisher
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Instructions to authors
Full instructions are available online at http://www.wjgnet.com/ 
2220-3192/g_info_20100722180909.htm.

Indexed and Abstracted in
Digital Object Identifier.

SPECIAL STATEMENT
All articles published in journals owned by the BPG represent the 
views and opinions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly indicated.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses in 
observations, such as drop-outs from the study should be reported; 
(4) Values such as ED50, LD50, IC50 should have their 95% con-
fidence limits calculated and compared by weighted probit analysis 
(Bliss and Finney); and (5) The word “significantly” should be 
replaced by its synonyms (if  it indicates extent) or the P value (if  it 
indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJP requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-

ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Med-
ical Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clinical 
Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accom-
panied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, 
Abstract, Introduction, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Tables, Figures, and Figure 
Legends. Neither the editors nor the publisher are responsible for 
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of  BPG, 
and may not be reproduced by any means, in whole or in part, with-
out the written permission of  both the authors and the publisher. 
We reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for the 
care and use of  laboratory animals of  their institution or national 
animal welfare committee. For the sake of  transparency in regard 
to the performance and reporting of  clinical trials, we endorse the 
policy of  the ICMJE to refuse to publish papers on clinical trial 
results if  the trial was not recorded in a publicly-accessible registry 
at its outset. The only register now available, to our knowledge, 
is http://www.clinicaltrials.gov sponsored by the United States 
National Library of  Medicine and we encourage all potential con-
tributors to register with it. However, in the case that other registers 
become available you will be duly notified. A letter of  recommenda-
tion from each author’s organization should be provided with the 
contributed article to ensure the privacy and secrecy of  research is 
protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

IIWJP|www.wjgnet.com June 9, 2014|Volume 3|Issue 2|



Instructions to authors

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/esps/. Authors are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTHORS 
(http://www.wjgnet.com/2220-3192/g_info_20100722180909.htm) 
before attempting to submit online. For assistance, authors encoun-
tering problems with the Online Submission System may send an 
email describing the problem to wjpharmaco@wjgnet.com, or 
by telephone: +86-10-85381892. If  you submit your manuscript 
online, do not make a postal contribution. Repeated online submis-
sion for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde Med-
ical College, Chengde 067000, Hebei Province, China. One author 
may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g., Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor 
of  Medicine, Chief, Liver Center, Gastroenterology Division, Uni-
versity of  California, Box 0538, San Francisco, CA 94143, United 
States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g., Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision on 

acceptance is made only when at least two experts recommend 
publication of  an article. All peer-reviewers are acknowledged on 
Express Submission and Peer-review System website.

Abstract
There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts 
are as follows: 

An informative, structured abstract should accompany each 
manuscript. Abstracts of  original contributions should be struc-
tured into the following sections: AIM (no more than 20 words; 
Only the purpose of  the study should be included. Please write the 
Aim in the form of  “To investigate/study/…”), METHODS (no 
less than 140 words for Original Articles; and no less than 80 words 
for Brief  Articles), RESULTS (no less than 150 words for Original 
Articles and no less than 120 words for Brief  Articles; You should 
present P values where appropriate and must provide relevant data 
to illustrate how they were obtained, e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, 
P < 0.001), and CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Core tip 
Please write a summary of  less than 100 words to outline the 
most innovative and important arguments and core contents in 
your paper to attract readers.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in 
the main text. Provide a brief  title for each figure on a separate page. 
Detailed legends should not be provided under the figures. This part 
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars 
should be used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. File names 
should identify the figure and panel. Avoid layering type directly over 
shaded or textured areas. Please use uniform legends for the same 
subjects. For example: Figure 1  Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, 
each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a cer-
tain sequence.

IIIWJP|www.wjgnet.com June 9, 2014|Volume 3|Issue 2|



Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g., 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the in-
itial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450
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12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
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15	 Morse SS. Factors in the emergence of  infectious diseases. 
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Patent (list all authors)
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
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sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3192/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 
revision policies of  BPG. The revised version, along with the 
signed copyright transfer agreement, responses to the reviewers, 
and English language Grade A certificate (for non-native speakers 
of  English), should be submitted to the online system via the link 
contained in the e-mail sent by the editor. If  you have any questions 
about the revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3192/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3192/
g_info_20100725073445.htm.

Proof of financial support
For papers supported by a foundation, authors should provide a copy 
of  the approval document and serial number of  the foundation.

STATEMENT ABOUT ANONYMOUS PUBLICATION 
OF THE PEER REVIEWERS' COMMENTS
In order to increase the quality of  peer review, push authors to 
carefully revise their manuscripts based on the peer reviewers' 
comments, and promote academic interactions among peer re-
viewers, authors and readers, we decide to anonymously publish 
the reviewers’ comments and author’s responses at the same 
time the manuscript is published online.

Publication fee
WJP is an international, peer-reviewed, OA online journal. Articles 
published by this journal are distributed under the terms of  the 
Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium and 
format, provided the original work is properly cited. The use is 
non‑commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. Publication 
fee: 698 USD per article. All invited articles are published free of  
charge.
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