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INTRODUCTION

Laryngeal mask airway (LMA) is commonly used 
airway device for securing the airway during general 
anaesthesia. LMA cuff is usually inflated with air 
and the cuff pressure increases during oxygen: 
nitrous oxide (O2:N2O) anaesthesia.[1] Increased 
cuff pressure may lead to incorrect positioning of 
the LMA, inadequate seal, ineffective ventilation, 
airway contamination, decreased mucosal capillary 
perfusion and increased pharyngolaryngeal 
morbidity.[2‑4]

Manufacturer of the LMA recommends to limit the 
LMA cuff inflation to achieve an adequate seal with 
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ABSTRACT

Background and Aims: Laryngeal mask airway (LMA) cuff pressure increases when the 
air is used for the cuff inflation during oxygen: nitrous oxide (O2:N2O) anaesthesia, which 
may lead to various problems. We compared the effects of different gases for ProSeal 
LMA™ (PLMA) cuff inflation in adult patients for various parameters. Methods: A total of 
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and ventilator parameters were monitored intraoperatively. Pharyngolaryngeal parameters 
were assessed at 1, 2 and 24 h postoperatively. Statistical analysis was performed using 
ANOVA, Fisher’s exact test and step‑wise logistic regression. Results: Cuff pressure 
significantly increased at 10, 15 and 30 min in Group A, OA and O from initial pressure. Cuff 
pressure decreased at 5 min in Group ON (36.6 ± 3.5 cmH2O) (P = 0.42). PLMA cuff volume 
increased in Group A, OA, O, but decreased in Group ON (6.16 ± 2.8 ml [P < 0.001], 4.7 ± 
3.8 ml [P < 0.001], 1.4 ± 3.19 ml [P = 0.023] and − 1.7 ± 4.9 ml [P = 0.064], respectively), 
from basal levels. Ventilatory parameters were comparable in all four groups. There was 
no significant association between sore throat and cuff pressure, with odds ratio 1.002. 
Conclusion: Cuff inflation with 50% O2:N2O mixture provided more stable cuff pressure 
in comparison to air, O2:air, 100% O2 during O2:N2O anaesthesia. Ventilatory parameters 
did not change with variation in PLMA cuff pressure. Post‑operative sore throat had no 
correlation with cuff pressure.
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minimal intracuff pressure (not exceeding 60 cmH2O).[5] 
A number of studies suggested that manometer should 
be used to monitor cuff pressure intraoperatively.[6‑9]

Different gases (O2:N2O mixture; O2:N2O and halothane 
mixture) used for the LMA cuff inflation resulted 
in decrease in the cuff pressure during O2:N2O 
anaesthesia.[10,11]

The study aimed to find out which gas or gas mixture 
used in anaesthesia could provide stable and better 
intracuff pressures with use of the PLMA.

METHODS

A prospective, randomised, double‑blind, comparative 
study was conducted after obtaining the approval of the 
Institutional Ethics Committee registered with Clinical 
Trail Registry India CTRI/2013/08/003888 and written 
informed consent from 120 patients. Patients above 
18 years scheduled for elective surgery, under general 
anaesthesia with PLMA were enrolled in the study. 
All the patients were examined in the preanaesthesia 
room and were informed about the questionnaire 
related sore throat, dysphagia and dysphonia. Patients 
with hiatus hernia, gastro‑oesophageal reflux and 
procedures were excluded from the study.

A random number table for 120 patients to be divided 
into four groups was generated using computer 
software and sequentially numbered opaque sealed 
envelopes were prepared [Figure 1]. To maintain 
the blinding, an anaesthesiologist not involved 
in the study opened the envelope just before the 
administration of general anaesthesia and prepared 
the appropriate gas‑filled syringe according to the code 
to inflate the cuff and did not take part in management 
and observations. For Group A, room air was filled in 
50 ml syringes. Gases of different composition were 
prepared just before induction in the pre‑operative 
room by an anaesthesiologist not involved in the study. 
Ventimask tubing was attached to fresh gas outlet of 
Drager anaesthesia work station (Primus®) for desired 
composition of gas for different groups (air [Group A], 
O2:air [50% O2] [Group OA], O2:N2O [50% O2] [Group 
ON] or 100% O2 [Group O]) according the group. The 
other end of the tubing was attached to 50 ml syringe 
via three‑way assembly. The fresh gas flow was set 
at desired concentration and gas mixture at 5 L flow. 
Once desired gas is filled in the syringe, three‑way was 
put in off position towards syringe and disconnected 
from the tubing.

In the operating room, routine monitors were 
attached to the patient. The size of the PLMA was 
decided according to the manufacturer guidelines. 
The PLMA cuff was checked for any leak. General 
anaesthesia was induced with intravenous fentanyl 
2 µg/kg and propofol 1.5 mg/kg. After confirming 
adequate bag mask ventilation, atracurium 0.5 mg/kg 
was administered and ventilation was performed with 
100% O2 at 5 L fresh gas flow for 3 min. A fully deflated 
PLMA was inserted by a single anaesthesiologist with 
more than 1 year of experience of PLMA insertion. 
The PLMA cuff was inflated by the specified syringe 
to obtain a cuff pressure of 40 cmH2O with the help of 
aneroid cuff pressure manometer (Endotest®, Rusch, 
Germany), attached to the pilot balloon. The volume 
of gas inflated was noted. Successful insertion was 
assessed by chest expansion and capnography. At cuff 
pressure of 40 cmH2O, oropharyngeal leak pressure 
(OLP) was checked by closing adjustable pressure 
limiting valve at fixed gas flow of 3 L/min. The airway 
pressure at which leak was heard (by stethoscope) 
was noted.[12,13] Volume controlled ventilation was 
initiated and initial ventilatory settings were adjusted 
to maintain end‑tidal carbon dioxide (EtCO2) between 
35 and 45 mmHg.

Fresh gas flow composition was changed to O2:N2O 
(50:50) with isoflurane (1 minimum alveolar 
concentration) at 3 L for initial 5 min, then 
subsequently, flow was reduced to 1 L/min (500 ml 
O2:500 ml N2O). Attempts for PLMA insertion, use of 
Guedel’s airway (due to difficult mask ventilation or 
to relieve post‑operative upper airway obstruction), 
volume of gas injected in the PLMA cuff, initial tidal 
volume (inspiratory/expiratory), respiratory rate (RR), 
peak inspiratory airway pressure and EtCO2 were 
noted after the insertion of PLMA. The cuff pressure 
and ventilator parameters were noted every 5 min for 
the first 30 min and then every 10 min till N2O was 
switched off and 100% O2 was given to the patient.

At the end of surgery, when the patient was awake and 
following commands, PLMA was removed, inflated. 
The presence of blood stain on the cuff was noted. 
Gas from the PLMA cuff aspirated and the volume 
noted. Oral suction was avoided as far as possible 
and if done was noted. The patient was shifted to the 
post‑anaesthesia care unit.

Postoperatively, sore throat, dysphonia and dysphagia 
were assessed by a questionnaire at 1, 2 and 24h. Sore 
throat was defined as constant pain or discomfort in 

Page no. 47



Sharma, et al.: LMA cuff pressure with different inflation gases

568 Indian Journal of Anaesthesia | Vol. 60 | Issue 8 | Aug 2016

the throat independent of swallowing, dysphonia; 
as difficulty in speaking or pain on speaking, and 
dysphagia; as difficulty or pain on swallowing.[7]

The primary outcome was to compare the changes 
in cuff pressure intraoperatively with different 
gas composition used to inflate PLMA by cuff 
pressure monitor. The secondary outcome was to 
compare the effect of PLMA cuff pressure change 
on intraoperative ventilator parameters and 
post‑operative pharyngolaryngeal morbidity. A pilot 
study with five patients in each group was conducted 
before the study. The mean ± standard deviation cuff 
pressure till 30 min was 74.6 ± 6.4, 79 ± 8, 43.6 ± 6, 
and 33.2 ± 4 cmH2O in Group A, Group OA, Group O 
and Group ON, respectively. Twenty‑seven needed to 
be enrolled in each group to have α of 5% and power 

of 90%. Thirty patients in each group were enrolled in 
this study to allow 10% dropout, i.e., exclusion from 
the study.

The statistical analysis was performed using the  
Statistical Package for Social Sciences (SPSSTM), 
Windows version 15.0 (South Wacker Drive, 
Chicago, IL, USA). The results were analysed 
using one‑way ANOVA for continuous variable 
and Fisher’s exact test for categorical variables. 
Statistical significance between the groups was 
analysed using post hoc comparison (multiple 
comparisons) by Bonferroni’s method. Apart from 
univariate analyses, potential predictors of sore 
throat were analysed with a step‑wise logistic 
regression. The value of P < 0.05 was considered 
statistically significant.

Assessed for eligibility (n=180  ) 

Excluded  (n=60) 
♦   Not meeting inclusion criteria (n=20 ) 
♦   Declined to participate (n=30) 
♦   Other reasons (n=10) 

Analysed  (n=30) 
♦ Excluded from 
analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention 
(n=0) 

Group A 
Allocated to intervention 
(n=30) 
♦ Received allocated 

intervention (n=30) 

Group ON 
Allocated to intervention (n=30) 
♦ Received allocated 

intervention (n=30) 
♦ Did not receive allocated 

intervention (n=0) 

Analysed  (n=30) 
♦ Excluded from 
analysis (n=0) 

Allocation 

Analysis 

Follow-Up 

Randomized (n=120) 

Enrollment 

Group O 
Allocated to intervention (n=30) 
♦ Received allocated 

intervention (n=30) 
♦ Did not receive allocated 

intervention (n=0) 

Group OA 
Allocated to intervention (n=30) 
♦ Received allocated 

intervention (n=30) 
♦ Did not receive allocated 

intervention (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention 
(n=0) 

Lost to follow-up (n=0) 

Discontinued intervention 
(n=0) 

Lost to follow-up (n=0) 

Discontinued intervention 
(n=0) 

Analysed  (n=30) 
♦ Excluded from 
analysis (n=0) 

Analysed  (n=30) 
♦ Excluded from 
analysis (n=0) 

Figure 1: CONSORT flow diagram
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RESULTS

The demographic characteristics, types of surgeries, 
PLMA sizes, PLMA insertion attempts, OLP and 
duration of low flow anaesthesia were comparable in 
between the groups [Table 1]. In Group A, cuff pressure 
started to increase at 5 min and became statistically 
significant at 10 min, and continued to increase till 90 
min. In Group OA, cuff pressure increase started at 5 
min and became statistically significant at 10 min till 
30 min then again decreased gradually till 90 min. In 
Group ON, an insignificant decrease in cuff pressure 
was observed till 15 min which again increased till 80 
min. In Group O, there was increase in cuff pressure at 
5 min which became statistically significant from 15 
min till maximum at 90 min [Figure 2].

There was statistically significant increase in the gas 
volume in the PLMA cuff in the Group A, Group OA 
and O (P: <0.001, <0.001 and 0.023, respectively). 
There was insignificant decrease in the gas volume (P 
= 0.064) in Group ON [Table 2].

There was no significant difference in the ventilator 
parameters, i.e., inspired and expired tidal volume, RR 
and peak inspired pressure at any point of time in all the 
groups. Guedel’s airway was not used in any patient. The 
blood on PLMA after removal was noted in four (13.3%) 
patients in Group A and two (6.7%) patients in Group ON, 
which was not statistically significant. Number of patients 
requiring oral suctioning was not statistically significant.

The incidence of sore throat, dysphagia, and dysphonia 
were not statistically significant at any point of time 

till 24 h in between the groups [Table 3]. Sore throat 
did not have a statistically significant correlation with 
cuff pressure (P = 0.59). Sore throat had statistical 
significant correlation with duration of anaesthesia 
(P = 0.02), with more than one attempt of LMA 
insertion (P < 0.001), blood on LMA (P = 0.014), oral 
suctioning (P = 0.016) [Table 4]. None of the predictors 
showed correlation with dysphagia and dysphonia.

DISCUSSION

In this study, increase in cuff pressure and final 
aspirated volume was significant in Group A, OA and 
O. This increase was more in Group A in comparison 
to Group OA and O. Although cuff pressure remained 
fairly stable in Group ON, the final aspirated volume was 
also decreased in Group ON. LMA silicon cuff acts as a 
semi‑permeable membrane which results in diffusion of 

Table 1: Patient characteristics, size of ProSeal laryngeal mask airway, type and duration of low flow anaesthesia
Variable Group A, n=30 

(%)
Group OA, n=30 (%) Group O, n=30 (%) Group ON, n=30 (%) P

Age (years) 33.3 (12.08) 33.7 (10.01) 30.7 (6.32) 30.3 (10.3) 0.42
Sex (male/female) 20/10 22/8 26/4 23/7 0.31
Weight (kg) 59.03 (9.6) 56.6 (13.5) 59.2 (12.3) 59.2 (10.02) 0.15
≥2 attempts for PLMA insertion 4 (13.3) 0 1 (3.3) 2 (6.7) 0.081
PLMA size 3/4/5 19/11/0 21/8/1 (70) 23/7/0 (76.7) 24/6/0 (80) 0.517
OLP (cmH2O) 24 (3.6) 24 (3.7) 25 (4.5) 23 (4.2) 0.537
Duration of low flow anaesthesia (min) 46 (19) 55.6 (21.4) 45.6 (20.1) 51 (20.7) 0.193
Type of surgery

Gynaecological laparoscopy 14 (46.7) 16 (53.3) 20 (66.7) 18 (60) 0.23
Urological 12 (40) 5 (16.7) 2 (6.7) 7 (23.3)
Hysteroscopic 2 (6.7) 3 (10) 3 (10) 1 (3.3)
Perineal 0 0 2 (6.7) 2 (6.7)
General laparoscopy 0 2 (6.7) 1 (3.3) 0
Breast 1 (3.3) 0 1 (3.3) 0
Orthopaedic 0 2 (6.7) 1 (3.3) 2 (6.7)
Ophthalmic 1 (3.3) 2 (6.7) 0 0

Data are represented as mean (SD), absolute numbers, percentage. PLMA – ProSeal laryngeal mask airway; OLP – Oropharyngeal leak pressure; Lap – Laproscopic; 
SD – Standard deviation
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different gases between the cuff and inspired air. The 
amount and direction of the diffusion depend on the 
partial pressure gradient.[14] There was a continuous 
increase in PLMA cuff pressure in Group A from 40 
cmH2O to final mean cuff pressure of 109 cmH2O. The 
blood gas coefficient of N2O is 0.46, which is thirty times 
greater than nitrogen, present in the air. It is therefore 
possible that N2O diffuses inside the cuff quickly, 
whereas nitrogen diffuses out slowly.[15] The increase 
in cuff pressure when the air is used for inflating the 
cuff was documented both in vivo and in vitro from 40 
cmH2O to 80 cmH2O in 60 min.[1,14] It was also observed 

that the mean cuff pressure started increasing within 5 
min of N2O exposure to reach a plateau after 45 min till 
115 min.[12] The continuous increase in cuff pressure 
from 20 to 200 cmH2O at 350 min with N2O anaesthesia 
has also been demonstrated.[16]

In Group ON, decrease in cuff pressure was observed 
at 15 min which again gradually increased to near 
initial pressures. Studies have revealed decrease in 
cuff pressure when mixtures of N2O, O2, halothane or 
enflurane or isoflurane have been used to inflate the 
cuff during O2 and N2O anaesthesia, as diffusion of 
N2O inside the cuff is prevented.[2,10,11,17] When PLMA 
cuff is inflated with 50% N2O, it creates a pressure 
above the atmospheric pressure at 40 cmH2O which 
leads to a pressure gradient between the inside and 
outside of the cuff resulting in the diffusion of N2O out 
of the cuff resulting in an initial decrease in pressure 
and volume.[18]

In Group OA, cuff pressure increased till 30 min and 
then gradually decreased. There has been no study till 
date to evaluate the effect of O2 and air mixture on 
cuff pressure with N2O anaesthesia. We hypothesize 
that the decrease in concentration of nitrogen due to 
dilution of air with 50% O2 may lead to lesser degree 
of diffusion of N2O inside the cuff resulting in more 
gradual rise in cuff pressure than that of air only.

In Group O, increase in cuff pressure up to 61 cmH2O 
was observed. Since N2O is more soluble than O2, 
there is diffusion of N2O inside the cuff. In vitro study 
showed O2 diffusion across the cuff is <10% of N2O.[14] 
N2O being more permeable than O2 and nitrogen could 
have led to the rise in cuff pressure in this group. 
However, increase is lesser than that of air and air: O2 
mixture because of relatively lesser permeability of 
N2O with O2 in comparison to nitrogen.

In this study, fresh gas flows were kept constant in 
all the patients. The rate of diffusion of N2O across 
the cuff is affected by the area available for diffusion, 
the cuff material and the number of time LMA is 
autoclaved.[1,8] The change in cuff pressure and volume 
can occur with the warming of gases inside the cuff.[18] 
The LMA size, position and head manipulation might 
also influence the cuff pressure.[12] To avoid this bias, 
in this study head of the patient was kept at the neutral 
position and cuff pressure recording was started after 
positioning the patient.

Table 2: ProSeal LMA™ cuff volume variation
Variables Group A Group OA Group O Group ON
Initial volume (mL) 14 (4.5) 14 (4.5) 14 (4.8) 16 (5.1)
Final volume (mL) 20 (5.3) 18 (6) 16 (4.2) 14 (5.3)
Difference in 
volume (mL)

6.16 (28) 4.7 (3.8) 1.4 (3.19) −1.7 (4.9)

Percentage change 
in volume (%)

45.5 (24.5) 38.6 (24.6) 12.7 (21.6) −5.2 (33.2)

P <0.001* <0.001* 0.023* 0.064
All values are in mean (SD). *P<0.05 statistically significant. SD – Standard 
deviation

Table 3: Pharyngolaryngeal morbidity at 1, 2 and 24 h
Variables Group 

A, n=30 
(%)

Group OA, 
n=30 (%)

Group O, 
n=30 (%)

Group ON, 
n=30 (%)

P

Sore throat (h)
1 7 (23.3) 5 (16.7) 4 (13.3) 3 (10) 0.60
2 7 (23.3) 4 (13.3) 4 (13.3) 3 (10) 0.62
24 6 (20) 3 (10) 2 (6.7) 0 (0) 0.059

Dysphagia (h)
1 3 (10) 0 3 (10) 1 (3.3) 0.13
2 3 (10) 1 (3.3) 4 (13.3) 2 (6.7) 0.53
24 0 0 1 (3.3) 0 0.42

Dysphonia (h)
1 1 (3.3) 0 1 (3.3) 0 0.42
2 2 (6.7) 0 0 0 0.13
24 0 0 0 0

All values are in absolute numbers. n=number; Postoperatively at 1h, 2h and 24 h

Table 4: Univariate predictors of sore throat
Variables Sore throat 

(%)
P OR 95% CI

Lower Upper
Cuff pressure (cmH2O) 71.83 (22.01) 0.59 1.002 0.99 1.01
Maximum duration of 
anaesthesia (min)

74.58 (26.33) 0.02* 34.88 3.77 322.59

More than one 
attempt for PLMA 
insertion (n)

6 (25) <0.001* 31.66 3.59 279.05

Blood in PLMA (n) 4 (16.7) 0.014* 9.4 1.69 54.89
Oral suction (n) 5 (20.8) 0.016* 6.05 1.48 24.65
Absolute values are in mean (SD), numbers and percentage, n (number of 
patients). *P<0.05 statistically significant. SD – Standard deviation; OR – Odds 
ratio; CI – Confidence interval; PLMA – ProSeal laryngeal mask airway
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We inflated PLMA cuff till 40 cmH2O as lower cuff 
pressures result in a better seal, optimal fibreoptic 
position, optimal functioning and efficacious positive 
pressure ventilation.[19‑23] OLP was between 23 and 25 
mmHg in all the groups and the mean calculated leak 
volume was <10 ml. The change in the cuff pressure in 
different groups did not affect ventilatory parameters 
and leak volume. Higher leak volume was observed 
with cuff pressure of 60 cmH2O (0.65 ml/kg) than 
40 cmH2O (0.42 ml/kg) and 20 cmH2O (0.51 ml/kg), but 
it was not associated with air leakage in any patient.[20]

In this study, the post‑operative pharyngolaryngeal 
morbidity was comparable in all the groups. The 
incidence of post‑operative sore throat with LMA ranges 
from 17.5% to 45.6%.[7,22,24] LMA cuff pressure rise has 
been implicated as a primary reason for post‑operative 
pharyngolaryngeal morbidity.[2,6,8,9,13] However, in this 
study, PLMA cuff pressure had no correlation with the 
incidence of pharyngolaryngeal morbidity. This could 
be attributed to the initial low cuff pressure (40 cmH2O). 
Therefore, even with the pressure up to 110 cmH2O in 
some cases, the duration was not prolonged enough 
to cause decrease in mucosal perfusion. No difference 
in post‑operative sore throat was observed with cuff 
pressure of 30 mmHg and 180 mmHg during O2:N2O 
anaesthesia (50% vs. 42%).[25] Increase in cuff pressure 
(35 vs. 50 mmHg) also had no correlation with 
post‑operative pharyngolaryngeal complications.[26]

Low incidence of post‑operative pharyngolaryngeal 
morbidity in this study may be due to the administration 
of neuromuscular blockers. Higher incidence of 
sore throat have been reported with spontaneous 
ventilation in comparison to controlled ventilation, 
owing to increased pharyngeal muscle tone.[22]

In this study, the volume of gas inflated was also less 
than the maximum recommended volume (50–70% less) 
for PLMA size, which could be the additional factor for 
decreased pharyngolaryngeal morbidity in the studied 
patients. Brimacombe et al. also reported reduced 
pharyngolaryngeal morbidity at 18–24 h postoperatively 
with low cuff volume than higher volume (20% vs. 
42%).[24] Other causes of pharyngolaryngeal morbidity 
are anaesthesiologist’s skill, the level of insertion 
difficulty, the number of insertion attempts, the LMA 
size, dry and cold gas, the duration of anaesthesia.[22,27] 
In this study, there was a significant correlation of sore 
throat with more than one attempt of PLMA insertion. 
Nott et al. also quoted that multiple insertion attempts 
can lead to sore throat.[28]

Prolonged duration of anaesthesia also had a positive 
correlation with sore throat. This could be due to the 
pressure on the pharyngeal mucosa for a prolonged 
period, leading to decreased mucosal perfusion.[22]

The presence of blood on PLMA and use of oral 
suction were also significantly related to sore throat 
in the post‑operative period. This may be due to 
oropharyngeal trauma.

Limitations of the study were exact composition of gas 
mixture was not analysed before inflation of cuff and 
the correct position of the LMA were not confirmed by 
fibreoptic bronchoscopy. Analysis of gas composition 
after deflation of cuff might have provided information 
regarding the diffusion of different gases through LMA 
cuff.

CONCLUSION

O2:N2O (50% O2) mixture provides a relatively stable 
cuff pressure in comparison to air, O2:air (50% O2) 
and 100% O2 during O2:N2O anaesthesia. Ventilatory 
parameters are not affected with change in LMA cuff 
pressure and volume. Post‑operative sore throat had 
no correlation with increased cuff pressure. However, 
postoperative sore throat had strong correlation 
with more than one attempt of LMA insertion, and 
prolonged duration of anaesthesia.
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Dear Referees!!

The Indian Journal of Anaesthesia (IJA) recognizes your great contribution to the growth and development of the journal.

The IJA is awarding best reviewer certificates from this year onwards. A total of 5 reviewers will get the certificate each year during the IJA session at 
ISACON during November.

The selection is based on the quality and quantity of the reviewer work provided from October the previous year to September of current year and is 
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Three reviewers will be from the general category and two from subspecialist category. 

Nominees shall have a minimum mandatory number of reviews for previous 12 months, as mentioned below: 
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Subspecialist category: 6 including at least 3 original articles/ review articles / meta-analysis (a reviewer who has also assessed general articles can be 
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