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MC mediator-related symptoms and anaphylaxis was 2 and 
0.4% in the adult series and 4 and 2% among children. In the 
adult series, this frequency was significantly higher in pa-
tients who previously presented with anaphylaxis (p = 0.03), 
underwent major surgeries (p < 0.001) and general anesthe-
sia (p = 0.02), and were not given prophylactic antimediator 
therapy (PAT) 1 h before the anesthesia (H1/H2 antihista-
mines and benzodiacepines; p  = 0.002).Hypersensitivity 
and/or allergy to the involved drugs and latex allergy were 
ruled out in all but one symptomatic case; when PAT was 
given and sedation was added, some cases later tolerated 
the same anesthetic drugs.  Conclusion:  The frequency of 
perioperative anaphylaxis appears to be higher in mastocy-
tosis patients than in the general population. Mastocytosis 
should not be a contraindication for anesthesia since PAT 
and adequate anesthetic management using the drugs with 
the safest profile appears to be effective in preventing/con-
trolling MC mediator-associated symptoms. 

 © 2015 S. Karger AG, Basel 
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 Abstract 

  Background:  The role   of anesthesia as an elicitor of mast cell 
(MC) mediator release symptoms in mastocytosis is poorly 
investigated.  Objective:  To determine the frequency and 
type of MC mediator release symptoms during anesthetic 
procedures in mastocytosis patients.  Methods:  Medical re-
cords were reviewed regarding the anesthetic techniques 
for 501 mastocytosis patients (459 adults and 42 children; 95 
and 5% with systemic involvement, respectively) who were 
subjected to 676 and 50 anesthetic techniques, respectively. 
General, sedation, epidural, and local anesthetic techniques 
were used in 66 (10%), 67 (10%), 76 (11%), and 515 (76%) 
adult patients and in 24 (48%), 8 (16%), 2 (4%), and 25 (50%) 
pediatric patients.  Results:  The frequency of perioperative 
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 Introduction 

 Mastocytosis includes a heterogeneous group of disor-
ders characterized by the presence of abnormal mast cells 
(MC) in different organs and tissues. Because of its het-
erogeneity, mastocytosis is classified into different cate-
gories based on its clinical presentation and the pattern 
and extent of tissue involvement. Thus, mastocytosis is 
classified according to the age of onset (pediatric vs. 
adult), the organs involved (cutaneous vs. systemic), and 
its clinical behavior/MC burden (indolent vs. aggressive 
disease). Indolent systemic mastocytosis (ISM) is the 
most common form of the disease, and it is typically as-
sociated with a good prognosis and a normal life expec-
tancy in patients with the D816V  KIT  mutation restricted 
to the MC compartment  [1, 2] .

  Patients with mastocytosis frequently present cutane-
ous and systemic symptoms due to the release of MC me-
diators, including pruritus, urticaria, flushing, gastroin-
testinal complaints (nausea, abdominal pain, and diar-
rhea), shortness of breath, and even anaphylaxis. Such 
symptoms may emerge spontaneously or can be triggered 
by several different factors. Anaphylaxis due to a massive 
MC mediator release is present in a significant portion of 
systemic mastocytosis (SM) patients (22–49%)  [3, 4]  and 
can be elicited by either known or unknown triggers 
through diverse mechanisms involving IgE- or non-IgE-
mediated pathways. Among other triggers, anesthesia 
may induce MC mediator release  [5–7]  associated with 
mechanical irritation of tissues, stress or drugs such as 
neuromuscular blockers, opioids, hypnotics, analgesics, 
and colloids  [5, 6, 8–11] . Currently, there is limited data 
on the frequency of perianestethic MC mediator symp-
toms in patients with mastocytosis, and most available 
information is based on case reports. In the few (limited) 
series of pediatric mastocytosis patients  [10, 12, 13]  and 
in the single large series of adult mastocytosis patients 
 [14]  who underwent anesthetic procedures reported thus 
far, the frequency of anaphylaxis was 0 and 0.6%, respec-
tively. Despite this, anesthetic procedures are considered 
high risk in mastocytosis since severe reactions (e.g. sys-
temic hypotension/anaphylactic reactions and coagulop-
athy) resulting in death in individual patients have been 
recurrently reported  [15–25] . Because of this, several dif-
ferent recommendations following single-center experi-
ences have been proposed, including the use of prophy-
lactic antimediator therapy (PAT) and some specific an-
esthetic drugs in order to prevent MC mediator release in 
anesthetic procedures in patients with mastocytosis  [10, 
13, 16, 20, 26–36] . Furthermore, determination of periop-

erative serum tryptase is strongly recommended if MC 
mediator release is suspected to occur during an anes-
thetic procedure  [8, 37, 38] .

  Here, we report a retrospective study on a large series 
of 501 consecutive patients with mastocytosis (459 adults 
and 42 children) who underwent 726 anesthetic proce-
dures; our aim was to determining the frequency and type 
of MC mediator episodes and symptoms associated with 
anesthesia and anesthetic procedures in distinct subtypes 
of mastocytosis.

  Materials and Methods 

 Patients 
 The medical records of 501 consecutive patients (459 adults and 

42 children) diagnosed with different categories of mastocytosis ac-
cording to World Health Organization (WHO) criteria  [39–42] , 
who were followed by the Spanish Network on Mastocytosis 
(REMA) and underwent anesthetic procedures from 1989 to 2014, 
were reviewed. Every adult participant, as well as the children and 
their parents, gave their informed consent to participate in this ret-
rospective study which was approved by the local ethics committee.

  Of the 459 adults, 257 (56%) were women and 202 (44%) were 
men; of them, 13 (3%) had cutaneous mastocytosis (CM), 9 (2%) 
were classified as having mastocytosis in the skin (MIS) [in these 
cases a bone marrow (BM) study was not performed and systemic 
involvement was not ruled out], 259 (56%) had indolent SM pre-
senting with skin lesions (ISMs + ), 124 (27%) had ISM without skin 
lesions (ISMs – ), 27 (6%) had well-differentiated SM (WDSM)  [43] , 
20 (4%) had aggressive SM, 4 (1%) had MC leukemia, 1 had ISMs +  
associated with another clonal hematological non-MC lineage dis-
ease (AHNMD) – i.e. non-Hodgkin B-cell lymphoma – and 2 had 
ISMs – -AHNMD (a myeloproliferative/myelodisplastic syndrome 
in both patients). In the pediatric group, 19 (45%) patients were 
girls and 23 (55%) were boys, with the following diagnoses: cutane-
ous mastocytoma (n = 2; 5%), WDSM (n = 2; 5%), CM (n = 4; 10%), 
and MIS (n = 34; 80%).

  The onset of the disease was defined either by the moment in 
which the skin lesions appeared or by the time of the first anaphy-
laxis episode, or by the presence of B or C findings  [40]  in patients 
who presented without skin lesions. Adult patients had undergone 
between 1 and 7 anesthetic procedures for a total of 676 anesthetic 
procedures as follows: 1 procedure, n = 333 (72%); 2 procedures, 
n = 80 (17%); 3 procedures, n = 21 (5%); 4 procedures, n = 12 (3%); 
5 procedures, n = 7 (1%); 6 procedures, n = 5 (1%), and 7 proce-
dures, n = 1 (0.5%). Among the children, 36 (86%), 4 (9%), and 2 
(5%) patients had undergone 1, 2, and 3 anesthetic procedures, 
respectively, for a total of 50 anesthetic procedures. Every anes-
thetic procedure was classified according to the American Society 
of Anesthesiologists (ASA) physical status classification system 
 [44] , and every surgery was termed major or minor following pre-
viously reported criteria  [45] .

  Data about MC mediator release-related symptoms (e.g. pruri-
tus, flushing, gastrointestinal symptoms, and anaphylaxis) was spe-
cifically recorded for each anesthetic procedure with the specific 
antimediator therapy given for mastocytosis (e.g. oral disodium 
cromolyn, H1 and H2 antihistamines, leukotriene antagonists, and 
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corticosteroids), as well as the cytoreductive (interferon-α-2b, hy-
droxyurea, and cladribine) or targeted (imatinib) therapies admin-
istered during the year before the anesthetic procedure was carried 
out. Use of intensive antimediator therapy was defined based on 
administration of scheduled disodium cromolyn plus any of the 
above-mentioned antimediator drugs to control MC mediator-re-
lated symptoms. In addition, administration of H1/H2 antihista-
mines, corticosteroids, montelukast, and/or benzodiacepines in 
different combinations before anesthesia was also considered. PAT 
was used when at least H1 antihistamines or corticosteroids had 
been administered before anesthesia. Finally, the occurrence of MC 
mediator-associated symptoms, excessive bleeding during the pro-
cedure or the perioperative period, the treatment required to con-
trol the symptoms, and the need for a blood transfusion after anes-
thesia were also systematically recorded in each case.

  Anesthetic Techniques 
 Anesthetic procedures were classified according to the anes-

thetic techniques used as follows: general anesthesia, sedation, epi-
dural anesthesia, or local anesthesia. In this line, every procedure 
could be performed using one or a combination of these tech-
niques. From this point on, the number of anesthetic procedures 
will be referred to as cases.

  Information about the specific anesthetic drugs used (e.g. in-
halant anesthetics, neuromuscular blocking drugs, sedative and 
hypnotic drugs, local anesthetics, and opioids, as well as other 
drugs commonly used in anesthesia like neostigmine, atropine, 
nonsteroidal anti-inflammatory drugs, analgesics, antibiotics, and 
colloid fluids) was systematically recorded from the medical re-
ports for each anesthetic procedure. Furthermore, the use of PAT 
before every risk procedure was also recorded.

  Serum tryptase levels were determined using the available com-
mercial technique (Phadia, Uppsala, Sweden/Thermo Fisher Sci-
entific Inc.); in the majority of the patients, serum tryptase levels 
were determined in basal (clinical) conditions (sBT) during the 
year before the anesthesia took place.

  Allergological Work-Up 
 In every perioperative symptomatic case, the suspected triggers 

(e.g. latex and drugs) were identified; subsequently, a complete al-
lergic work-up was performed, including an evaluation of specific 
IgE levels when available (ImmunoCAP; Phadia/Thermo Fisher 
Scientific Inc.) and skin tests (skin prick tests and intradermal 
tests), as well as specific drug challenges.

  Statistical Methods 
 The Mann-Whitney U test or a χ 2  test was used to assess the 

statistical significance of differences observed between groups for 
continuous and categorical variables, respectively. p  < 0.05 was 
considered statistically significant. For all statistical analyses, the 
IBM SPSS version 20 software package was used.

  Results 

 The anesthetic techniques used for adult and pediatric 
mastocytosis cases included: general anesthesia in 66 
(10%) and 24 (48%), sedation in 67 (10%) and 8 (16%), 

epidural in 76 (11%) and 2 (4%), and local anesthesia in 
515 (76%) and 25 (50%) cases, respectively. The number 
of specific procedures carried out according to the anes-
thetic technique used is detailed in online supplementary 
table  1 (for all online suppl. material, see www.karger.
com/doi/10.1159/000436969). Combination of 2 anes-
thetic techniques was carried out in 49 (7%) adult and 9 
(18%) pediatric procedures, including sedation plus local 
anesthesia in 22 (45%) adult and 3 (6%) pediatric cases, 
sedation and epidural anesthesia in 17 (35%) adult and 2 
(4%) pediatric cases, and general anesthesia plus either 
local or epidural anesthesia in 5 (10%) adult and 4 (8%) – 
local anesthesia – pediatric cases, respectively.

  MC Mediator-Related Symptoms during the 
Perioperative Period 
 Overall, 11 (2%) adult cases and 2 (4%) pediatric cases 

suffering from cutaneous mastocytoma (n = 1 child), CM 
(n = 1 adult), MIS (n = 1 child), and ISM (n = 10 adults) 
who underwent general anesthesia (n  = 4 adults and 2 
children), sedation (n  = 2 adults), and epidural (n  = 2 
adults) and local (n = 4 adults) anesthetic techniques had 
perioperative MC-related symptoms consisting of ana-
phylaxis in 3 of 11 adults (0.4%) and 1 of 2 children (2%), 
respectively; the remaining cases presented mild symp-
toms. Of note, for 3 of 4 cases that presented perioperative 
anaphylaxis, this was the first anaphylaxis episode.

  The detailed characteristics of the anesthetic proce-
dures used in cases presenting perioperative MC-media-
tor release-associated episodes are shown in  table 1 . Ana-
phylaxis in adult cases presented as sudden hypotension 
in the absence of other perioperative causes, associated 
cardiorespiratory arrest and coagulopathy (case No. 2), 
generalized urticaria (case No. 6), and loss of conscious-
ness (case No. 9); the pediatric case presented broncho-
spasm and generalized erythema. Unfortunately, tryptase 
or histamine levels were not determined during the ana-
phylactic period. Interestingly, when the medication used 
as PAT was given during a later anesthetic procedure to 
case No. 3 and 12, as well as when sedation was added in 
case No. 9, all 3 cases had tolerance to the anesthetic drugs 
previously involved as possible elicitors of symptoms. In 
all symptomatic cases, a tolerance to latex was demon-
strated later on; in addition, hypersensitivity and/or al-
lergy to the drugs involved was also systematically ruled 
out, except in case No. 10, in whom the allergological 
study was still pending at the time of reporting as he was 
still under antimediator therapy. In the majority of cases, 
the MC mediator release-associated symptoms could be 
directly related to degranulation of MC, elicited by gas-
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trointestinal manipulation (case No. 2) and pain and anx-
iety (No. 9) in 2 of 4 cases that presented anaphylaxis. Five 
(1%) adult cases displayed increased bleeding and re-
quired a blood transfusion; 1 of these 5 cases (case No. 2) 
had an associated coagulopathy. In this study, none of the 
patients died due to MC mediator release induced by the 
anesthetic procedure.

  The clinical data of adult and pediatric patients in the 
perioperative symptomatic group versus the asymptom-
atic group regarding demographics, categories of masto-
cytosis, symptoms, therapies, ASA classification, anes-
thetic techniques, and categories of surgery are shown in 
 tables 2  and  3 , respectively. Of note, no statistically sig-
nificant differences were found among adult or pediatric 

 Table 1.  Characteristics of the anesthetic procedures and the cases that presented perianesthetic MC mediator release-related symptoms

Case 
No.

Disease 
type

Type of PAT Drugs involved MC mediator-
related symptoms

Treatment for MC 
mediator- related 
symptoms

Allergic study

1 CM Dex, Ran IF, Prop, Fent, Rfent Hives H1 Tolerance to Dex, Ran
Negative SPTs and IDTs to Prop, 
Fent, and Rfent

2 ISMs+ NG IF, Prop, Fent, Cisat, 
MDZ, Metr, Gent, 
Meta, Oct, Ran

Anaphylaxis and 
coagulopathy

H1, CE, Ep Tolerance to IF, Prop, Cisat, MDZ, 
Metr, Meta, Oct and Ran
Negative SPTs and IDTs to Fent 
and Gent

3 ISMs+ NG Bupi Generalized 
erythema

H1 Tolerance to Bupi

4 ISMs+ NG MDZ, Peth Flushing and a 
swollen face 

CE Tolerance to MDZ
Negative SPTs and IDTs to Peth

5 ISMs+ Dex, Ran, MP Bupi Flushing H1 Tolerance to Dex, Ran, MP, and Bupi 

6 ISMs– NG Prop, Fent, Roc, Rfent Anaphylaxis CE Negative SPTs and IDTs to Prop, 
Fent, Roc, and Rfent

7 ISMs– Dex, Ran, DZP Mepi Flushing H1 Tolerance to Dex, Ran, DZP, and Mepi

8 ISMs– NG MDZ Flushing H1 Tolerance to MDZ

9 ISMs– Dex, Pred Lido, Mepi Anaphylaxis Ep Tolerance to Dex, Pred and Lido
Negative SPT to Mepi

10 ISMs– NG IF, Prop, Fent, Rfent, 
Cisat, Succ, LBupi, 
Cefur, Parac, Colloids

Flushing H1, CE IgE Succ <0.1 KU/l
Tolerance to Parac
Pending

11 ISMs– Dex, Ran, DZP Mepi Flushing CE Tolerance to Dex, Ran, DZP, and Mepi

12a MIS NG IF, Fent, Vec, Atr, 
Amox-clav

Anaphylaxis B2, CE Tolerance to IF, Fent, Vec, Atr, and 
Amox-clav

13a cM Dex, Ran, MP IF, Atr, Prop, Parac Exanthema 
on the 
trunk

H1 Tolerance to Dex, Ran, MP, and Parac
Negative SPTs and IDTs to Atr and 
Prop

Amox-clav = Amoxicillin clavulanate; Atr = atropine; B2 = inhaled short-acting β2-agonist; Bupi = bupivacaine; CE = corticosteroids; 
Cefur = cefuroxime; Cisat = cisatracurium; cM = cutaneous mastocytoma; Dex = dexchlorpheniramine; DZP = diazepam; Ep = epineph-
rine; Fent = fentanyl; Gent = gentamicin; H1 = H1 antihistamines; H2 = H2 antihistamines; IF = inhalants of the flurane family; IDT = 
intradermal skin test; LBupi = levobupivacaine; Lido = lidocaine; MDZ = midazolam; Mepi = mepivacaine; Meta = metamizole; Metr = 
metronidazole; MP = methylprednisolone; NG = not given; Oct = octeotride; Parac = paracetamol; Peth = pethidine; Pred = prednisone; 
Prop = propofol; Ran = ranitidine; Rfent = remifentanil; Roc = rocuronium; SPT = skin prick test; Succ = succinylcholine; Vec = ve-
curonium. a Pediatric case.
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 Table 2.  Clinical, biological, and treatment characteristics of adult cases (n = 676) grouped according to the pres-
ence or lack of perianesthetic MC mediator release-associated symptoms

Asymptomatic
(n = 665)

Symptomatic
(n = 11)

p value

Female 380 (57) 6 (54) NS
Type of anesthesia

General 62 (9) 4 (36) 0.02
Sedation 65 (10) 2 (18) NS
Epidural 74 (11) 2 (18) NS
Local 511 (77) 4 (36) 0.005

Major surgery 60 (9) 5 (45) <0.001
PAT given 1 h before anesthesia 578 (87) 5 (45) 0.002

H1 antihistamines 567 (85) 4 (36) <0.001
H2 antihistamines 566 (85) 4 (36) <0.001
Corticosteroids 67 (10) 2 (18) NS
Montelukast 16 (2) 0 (0) NS
Benzodiacepines 494 (74) 3 (27) 0.002

Median age at the anesthetic procedure, years 45 (17–78) 41 (17–65) NS
Median time from disease onset to anesthesia, months 128 (1–808) 60 (0–240) NS
Systemic mastocytosis 624 (94) 10 (91) NS
Nonaggressive mastocytosis 599 (87)a 11 (100)b NS
BM MCc 0.09 (0–35) 0.07 (0.001–1) NS
sBT within 12 months prior to anesthesia, ng/ml 32.3 (2–2,403) 30.6 (11.6–238) NS
Previous symptoms

Pruritus 280 (42) 5 (45) NS
Flushing 238 (36) 7 (64) NS
Abdominal cramping 138 (21) 6 (54) NS
Diarrhea 154 (23) 5 (45) NS
Anaphylaxis 258 (39) 8 (72) 0.03
Anaphylaxis the year before 96 (14) 5 (45) 0.02

Triggers of anaphylaxis before anesthesia
Idiopathic 87 (13) 4 (36) 0.048
Insect sting 116 (17) 3 (27) NS
Drugs 86 (13) 4 (36) 0.046
Foods 19 (3) 0 (0) NS
Anisakis simplex 12 (2) 0 (0) NS
Physical stimuli 5 (1)d 0 (0) NS

Scheduled antimediator therapy 396 (59) 5 (45) NS
H1 antihistamines 52 (8) 0 (0) NS
Disodium cromolyn 164 (25) 2 (18) NS
Intensive antimediator therapy 180 (27) 3 (27) NS

Epineprhine 27 (4) 0 (0) NS
Cytorreductive or targeted therapiese 84 (13) 0 (0) NS

Hydroxiurea 17 (2) 0 (0) NS
Interferon-α-2b 20 (3) 0 (0) NS
Pegylated interferon 15 (2) 0 (0) NS
Cladribine 21 (3) 0 (0) NS
Imatinib 24 (4) 0 (0) NS
Midostaurin 1 (0.1) 0 (0) NS

ASA score
I 22 (3) 3 (27) 0.006
II 541 (81) 8 (73) NS
III 100 (15) 0 (0) NS
IV 2 (0.3) 0 (0) NS

 Values are expressed as numbers (%) or medians (range). ISM-AHNMD = Indolent systemic mastocytosis associated with 
another clonal hematological non-mast cell lineage disease; NS = not statistically significant (p > 0.05). a CM, n = 21; MIS, n = 14; 
ISMs+, n = 355; ISMs–, n = 146; WDSM, n = 57, and ISM-AHNMD, n = 6. b CM, n = 1; ISMs+, n = 4; ISMs–, n = 6. c As assessed 
by flow cytometry. d Friction of skin mastocytoma. e Given to 44 adult patients who underwent 84 anesthetic procedures.
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cases when they were grouped according to the presence 
or absence of systemic disease, the extent of skin involve-
ment, and the percentage of BM MC and sBT levels dur-
ing the year prior to the anesthetic procedure, and a high-
er ASA classification of cases was not associated with a 
higher frequency of MC mediator release-related symp-
toms ( tables 2 ,  3 ). In contrast, the frequency of periop-
erative MC mediator release-associated symptoms was 
significantly higher in adult cases that underwent major 

surgery (p < 0.001) and general anesthesia (p = 0.02). In 
addition, adult cases showing perioperative MC mediator 
release-associated symptoms had more frequently had 
anaphylaxis (p = 0.03), particularly idiopathic anaphylax-
is (36 vs. 13%, p < 0.05) and anaphylaxis evoked by drugs 
(36 vs. 13%, p < 0.05), before the anesthesia in the periop-
erative symptomatic group despite the fact that known 
drug allergies were considered and those drugs were 
avoided in every individual case ( tables 2 ,  3 ). Among the 

 Table 3.  Clinical, biological, and treatment characteristics of the pediatric cases (n = 50) grouped according to 
the presence or absence of perianesthetic MC mediator release-associated symptoms

Asymptomatic 
(n = 48)

Symptomatic 
(n = 2)

Female 25 (52) 0 (0)
PAT given 1 h before anesthesia 35 (73) 1 (50)

H1 antihistamines 34 (71) 1 (50)
H2 antihistamines 13 (27) 1 (50)
Corticosteorids 9 (19) 1 (50)
Montelukast 3 (6) 0 (0)
Benzodiacepines 5 (10) 0 (0)

Anesthesia
General 22 (46) 2 (100)
Sedation 8 (17) 0 (0)
Epidural 2 (4) 0 (0)
Local 25 (52) 0 (0)

Major surgery 11 (23) 2 (100)
Median age at the anesthetic procedure, months 101 (0–192) 68 (28–108)
Median time from onset to anesthesia, months 82 (0–186) 67 (29–106)
Extensive skin involvement 2 (4) 0 (0)
Systemic mastocytosis 3 (6) 0 (0)
sBT within 12 months previous to anesthesia, ng/ml 4.5 (1.1–26.1) 4.5 (1.46–7.55)
Previous symptoms

Pruritus 16 (33) 0 (0)
Flushing 13 (27) 0 (0)
Abdominal cramping 10 (21) 0 (0)
Diarrhea 8 (17) 0 (0)
Anaphylaxis 6 (12) 0 (0)

Triggers of anaphylaxis before anesthesia
Idiopathic 4 (8) 0 (0)
Drugs 2 (4) 0 (0)

Scheduled antimediator therapy 21 (44) 0 (0)
H1 antihistamines 4 (8) 0 (0)
Disodium cromolyn 6 (12) 0 (0)
Intensive antimediator therapy 11 (23) 0 (0)

Epinephrine 0 (0) 0 (0)
ASA score

I 6 (12) 0 (0)
II 40 (83) 0 (0)
III 2 (4) 0 (0)

 Values are expressed as numbers (%) or medians (range). No statistically significant differences (p > 0.05) 
were found between the two groups. NA = No data available.
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children, none of the 6 cases which had had previous ana-
phylactic episodes presented perioperative MC mediator 
release-related symptoms ( table 3 ).

  Drugs Involved in the Anesthetic Procedures 
 The drugs used as PAT (H1/H2 antihistamines, corti-

costeroids, montelukast, and benzodiacepines) were typ-
ically given 1 h before the procedure in the vast majority 
of both adult and pediatric cases; H1 antihistamines were 
the   drugs more frequently used across the different types 
of anesthetic techniques; in turn, corticosteroids were 
preferentially used in general anesthesia among both 
adults (82%) and children (75%) (online suppl. table 2). 
Overall, the frequency of cases that did not get PAT 
among those that presented perioperative MC mediator 
release-associated symptoms was higher than that among 
cases that were given PAT (based on H1/H2 antihista-
mines and benzodiacepines) 1 h before the anesthesia, i.e. 
55 versus 13% of adults (p = 0.002) and 1 of 2 versus 13 of 
48 children (p > 0.05), respectively. The frequency of MC 
mediator release-associated symptoms did not show an 
association with the specific drugs administered for the 
anesthetic procedures in adults or in children (online 
suppl. table 3).

  Discussion 

 Information about perioperative management and an-
esthesia in patients with mastocytosis in frequently based 
on case reports or small patient series  [10, 12–14] , which 
show low frequencies of moderate MC mediator release 
symptoms both in children (flushing, 9%)  [10]  and in 
adults (7%)  [14] , with a frequency of anaphylaxis of 
around 0.6% in adults  [14] . In the present study, we re-
port the largest series of use of anesthesia in adults and 
children with mastocytosis who have undergone anes-
thetic procedures. We found similar results in the pediat-
ric and adult series, with a low frequency of moderate 
perioperative MC mediator release-associated symptoms 
(4 and 2%, respectively); moreover, 1 child (2%) and 3 
adults (0.3%) presented anaphylaxis, with the child even 
tolerating the same anesthetic procedure when PAT was 
used latter on. This frequency of perianesthetic MC me-
diator related symptoms is similar to that reported in the 
literature for children (although this series reports peri-
anesthetic anaphylaxis, not previously described in other 
pediatric series), and it is lower than that previously de-
scribed for adults, with a low frequency of anaphylaxis 
(0.4%) similar to that found in the literature for mastocy-

tosis. Previous retrospective studies have reported an 
overall incidence of anaphylaxis (or anaphylactoid reac-
tions) during anesthesia in the general population rang-
ing from 1/3,500 (0.03%) to 1/25,000 (0.004%)  [46–49] . 
Futhermore, prospective studies carried out in Spain  [47, 
50]  have shown an incidence of perioperative anaphy-
laxis in the general population ranging from 1/10,263 
(0.009%) to 1/7,085 (0.01%), with the frequency being 
higher among subjects who have undergone general an-
esthesia (1/6,973; 0.01%).

  Altogether, these results support the notion that the 
frequency of perioperative anaphylaxis in patients with 
mastocytosis is higher than that observed in the general 
population. In addition, our results also indicate that an-
esthesia should not be avoided in patients with mastocy-
tosis, particularly because the majority of cases have non-
aggressive categories of the disease, with a good prognosis 
and a normal life expectancy. The frequency of periop-
erative anaphyalxis in our series was low, indicating that 
the risk for perioperative anaphylaxis in mastocytosis pa-
tients is most probably overestimated. Despite this, it is 
strongly recommended that anesthesia be managed as a 
high-risk procedure in these patients, since it seems to be 
difficult to predict and not directly related to the type of 
anesthesia used (e.g. general or local) or the presence of 
systemic disease as previously suggested  [12, 32] . Thus, 
perioperative MC mediator release-related symptoms 
were present in children with CM in the absence of exten-
sive skin involvement or increased sBT (variables that are 
considered to be the major risk factors for severe MC me-
diator release-related symptoms and anaphylaxis in chil-
dren with mastocytosis)  [4, 51] . Similarly, MC degranu-
lation-associated symptoms were frequently observed in 
adults with indolent categories of the disease indepen-
dently of the overall MC burden as assessed by BM MC 
infiltration levels and sBT levels. Although the overall fre-
quency of perioperative anaphylaxis was higher among 
the children than the adults, such a difference could be 
potentially due to the different number of procedures in-
cluded in each series.

  Overall, a relatively high heterogeneity was observed 
in our series regarding the administration of PAT before 
anesthetic procedures in mastocytosis patients, particu-
larly for the anesthetic techniques performed outside the 
REMA centers, where the same protocol was followed in 
the majority of cases. Of note, such differences are prob-
ably related to the insufficient (empirical) data in the lit-
erature that would support the utility of PAT  [11, 29, 52, 
53] , though some authors have proposed the use of pre-
medication protocols in mastocytosis  [26, 30, 54] , as well 
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as in other patients at risk of anaphylaxis, based on, for 
example, data on the medical history, previous asthma, 
and urticaria  [55] . In this study, we found that PAT given 
1 h before the anesthesia was not associated with any ad-
verse effect, whereas it decreased the probability of suffer-
ing perioperative MC mediator release-associated symp-
toms, particularly when the PAT included H1/H2 anti-
histamines and benzodiacepines. Furthermore, we 
observed that 3 of 13 symptomatic cases which under-
went another anesthetic procedure tolerated the same an-
esthetic drugs when PAT was given 1 h before or imple-
mented with adequate sedation. These results support the 
notion that stress and anxiety play an important role as 
elicitors of perioperative MC-related symptoms, as has 
been previously suggested  [8, 11] .

  A complete allergic work-up is mandatory in masto-
cytosis patients who present perioperative MC media-
tor-related symptoms; accordingly, we recommend de-
termining the specific IgE for the possible triggers (if 
available) and skin testing. If these results are negative 
and the drug involved has a low profile as elicitor of MC 
degranulation, a drug challenge under strict vigilance 
could be recommended. On the contrary, if the drug in-
volved is highly suspicious of evoking MC degranula-
tion (e.g. opioids and neuromuscular blockers), per-
forming a challenge with PAT and other drugs of the 
pharmacological group that results in negative skin tests 
and a lower probability of eliciting MC degranulation 
could be a reasonable approach. Furthermore, we rec-
ommend increasing the PAT schedule if the previous 
one was not effective to prevent an episode of MC me-
diator release symptoms.

  In this study, a remarkable number of perioperative 
symptomatic cases later tolerated the drugs involved in 
the MC degranulation episode, ruling them out as elici-
tors. However, only negative skin tests for the anesthetic 
drugs involved were found in the remaining cases; despite 
the great utility of these tests, they are not as good as a 
known later tolerance to the drug when ruling it out as 
the trigger (IgE mediated or not) of symptoms.

  We cannot completely rule out that any of the drugs 
administered would have a greater risk of eliciting an ep-
isode of MC mediator release compared to other available 
drugs. Nevertheless, whenever possible, cautious patient 
management should be adopted in which drugs known to 
elicit MC degranulation are avoided and drugs known to 
be tolerated by individual patients are preferred  [11, 13, 
32, 53, 56, 57] ; furthermore, if this information is not 
available or any of these drugs are indispensable, we rec-
ommend using the drug that probably has a lower risk of 

eliciting MC degranulation (IgE mediated or not) in ev-
ery pharmacological group, such as rigid neuromuscular 
blockers, synthetic opioids with a short-acting and rapid 
offset, and amide derivatives. Unfortunately, we could 
not estimate the predictive value of sBT determinations 
performed in the perioperative period (just before and/or 
after anesthesia), since it was not systematically assessed. 
Despite this, sBT levels determined in the year before the 
patient underwent anesthesia did not appear to be a reli-
able predictor of the occurrence of perioperative MC me-
diator release episodes.

  In summary, based on the retrospective analysis of large 
series of adults and children with mastocytosis, we con-
clude that the frequency of MC perioperative symptoms in 
mastocytosis seems to be higher than that of the general 
population in the absence of a dramatic and fatal clinical 
outcome. Thus, mastocytosis is not a contraindication for 
the use of anesthesia, although it must be managed as a 
high-risk procedure in every patient and for every anes-
thetic technique, since risk factors for predicting the emer-
gence of MC mediator release symptoms or anaphylaxis 
could not be identified. Despite this, PAT based on H1/H2 
antihistamines and/or benzodiacepines given 1 h before 
the anesthesia to avoid the stress is strongly recommend-
ed, as it was associated with fewer MC activation episodes 
in the absence of any adverse events related to this therapy.
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Supplementary Table 1. Characteristics and type of the adult (n=676) and pediatric (n=50) anesthetic procedures performed according to the
anaesthetic techniques used.

General* Sedation Epidural Local*
Adults

66 (10%)
Children
24 (48%)

Adults
67 (10%)

Children
8 (16%)

Adults
76 (11%)

Children
2 (4%)

Adults
515 (76%)

Children
25 (50%)

Risk procedures and surgeries
Abdominal 19 (29%) 2 (8%) 0 (0%) 0 (0%) 3 (4%) 0 (0%) 0 (0%) 0 (0%)
Anal/rectal 1 (2%) 0 (0%) 5 (8%) 1 (12%) 6 (8%) 1 (50%) 0 (0%) 0 (0%)
BM biopsy 0 (0%) 0 (0%) 8 (12%) 2 (25%) 0 (0%) 0 (0%) 469 (91%) 2 (8%)
Breast 9 (14%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (0.6%) 0 (0%)
Cardiac 2 (3%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 1 (0.2%) 0 (0%)
Cesarean section 0 (0%) 0 (0%) 1 (2%) 0 (0%) 4 (5%) 0 (0%) 0 (0%) 0 (0%)
Dermatological 0 (0%) 0 (0%) 1 (2%) 1 (12%) 0 (0%) 0 (0%) 19 (4%) 19 (76%)
Endoscopy 1 (2%) 1 (4%) 23 (34%) 2 (25%) 0 (0%) 0 (0%) 3 (0.6%) 0 (0%)
Ginecological 8 (11%) 2 (8%) 6 (9%) 0 (0%) 3 (4%) 0 (0%) 1 (0.2%) 0 (0%)
Hernial 2 (3%) 3 (13%) 3 (3%) 0 (0%) 5 (7%) 0 (0%) 1 (0.2%) 2 (8%)
Maxilofacial 3 (4%) 2 (8%) 3 (3%) 0 (0%) 0 (0%) 0 (0%) 2 (0.4) 0 (0%)
Neurosurgery 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Otorrinolaringologic 4 (6%) 5 (21%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Parathyroid/thyroid 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Radiological 0 (0%) 1 (4%) 0 (0%) 1 (12%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Orthopedic 8 (11%) 2 (8%) 10 (15%) 1 (12%) 19 (25%) 1 (50%) 12 (2%) 0 (0%)
Thoracic 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Urological 1 (2%) 6 (25%) 5 (8%) 0 (0%) 4 (5%) 0 (0%) 3 (0.6%) 2 (8%)
Vaginal delivery 0 (0%) 0 (0%) 0 (0%) 0 (0%) 32 (42%) 0 (0%) 0 (0%) 0 (0%)
Vascular 1 (2%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 1 (0.2%) 0 (0%)
Vertebral column 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Category of surgery
Minor 14 (21%) 10 (42%) 37 (55%) 4 (50%) 28 (37%) 1 (50%) 508 (99%) 24 (96%)
Major 51 (77%) 12 (50%) 7 (10%) 1 (12%) 16 (21%) 1 (50%) 4 (1%) 1 (4%)

Results expressed as number (percentage) of cases.
BM, bone marrow.
*Anesthetic techniques adults vs. children, p<0.001





Supplementary Table 2. Description of the PAT used in the 726 cases that underwent anesthetic procedures according to the anaesthetic
techniques used.

General anesthesia Sedation Epidural anesthesia Local anesthesia
Adults
(n=66)

Children
(n=24)

Adults
(n=67)

Children
(n=8)

Adults
(n=76)

Children
(n=2)

Adults
(n=515)

Children
(n=25)

N. of cases 38 (58%) 12 (50%) 43 (64%) 6 (75%) 33 (43%) 1 (50%) 506 (98%) 24 (96%)
Given 1 hour before 37 (97%) 12 (100%) 42 (98%) 6 (100%) 32 (97%) 1 (100%) 505 (99%) 24 (100%)

H1 antihistamines 33 (87%) 11 (92%) 36 (84%) 6 (100%) 31 (97%) 1 (100%) 501 (99%) 24 (100%)
H2 antihistamines 31 (82%) 8 (67%) 37 (86%) 5 (83%) 27 (84%) 1 (100%) 501 (99%) 7 (29%)
Corticosteroids 31 (82%) 9 (75%) 25 (58%) 1 (12%) 20 (62%) 0 (0%) 16 (3%) 5 (21%)
Montelukast 9 (24%) 1 (4%) 7 (16%) 2 (33%) 4 (12%) 1 (100%) 2 (0.4%) 1 (4%)
Benzodiacepines 13 (34%) 5 (21%) 8 (17%) 0 (0%) 3 (9%) 0 (0%) 471 (93%) 0 (0%)

Given 1h and 12h before 14 (37%) 3 (12%) 8 (19%) 1 (12%) 5 (15%) 0 (0%) 5 (1%) 2 (8%)
Given 1h, 12h and 24h before 8 (12%) 1 (4%) 4 (6%) 0 (0%) 1 (1%) 0 (0%) 1 (0.2%) 0 (0%)
Results expressed as number (percentage) of cases.
PAT; Prophylactic antimediator therapy



Supplementary Table 3. Frequency of cases with MC mediators release-associated symptoms according to the specific drugs
given during the anesthetic procedures (n=726).
Drug Adult

(n=676)
Children
(n=50)

Total procedures
(n=726)

Amide derivatives 6/619 (1%) 0/25 (0%) 6/644 (1%)
Bupivacaine 1/70 (1%) 0/5 (0%) 1/75 (1%)
Levobupivacaine 1/7 (14%) 0/1 (0%) 1/8 (12%)
Lidocaine 1/22 (5%) 0/0 (0%) 1/22 (5%)
Mepivacaine 3/508 (1%) 0/19 (0%) 3/527 (1%)
Prilocaine 0/1 (0%) 0/0 (0%) 0/1 (0%)
Ropivacaine 0/9 (0%) 0/0 (0%) 0/9 (0%)
Xilocaine 0/2 (0%) 0/0 (0%) 0/2 (0%)

Antibiotics 3/67 (5%) 1/13 (8%) 4/80 (5%)
Amikacin 0/1 (0%) 0/0 (0%) 0/1 (0%)
Ampicillin 0/3 (0%) 0/1 (0%) 0/4 (0%)
Amoxycillin 0/2 (0%) 0/1 (0%) 0/3 (0%)
Amoxycillin/clavulanic 0/12 (0%) 1/3 (33%) 1/15  (7%)
Cefazolin 0/20 (0%) 0/1 (0%) 0/21 (0%)
Cefonicid 0/1 (0%) 0/0 (0%) 0/1 (0%)
Cefotaxime 0/1 (0%) 0/1 (0%) 0/2 (0%)
Cefuroxime 1/4 (25%) 0/0 (0%) 1/4 (25%)
Ciprofloxacin 0/1 (0%) 0/0 (0%) 0/1 (0%)
Clidamycin 0/3 (0%) 0/0 (0%) 0/3 (0%)
Erythromycin 0/2 (0%) 0/1 (0%) 0/3 (0%)
Gentamicin 1/4 (25%) 0/2 (0%) 1/6 (17%)
Linezolid 0/1 (0%) 0/0 (0%) 0/1 (0%)
Metronidazole 1/5 (80%) 0/2 (0%) 1/7 (14%)
Midecamycin 0/0 (0%) 0/1 (0%) 0/1 (0%)
Penicillin 0/2 (0%) 0/0 (0%) 0/2 (0%)
Tobramycin 0/1 (0%) 0/0 (0%) 0/1 (0%)
Vancomycin 0/4 (0%) 0/0 (0%) 0/4 (0%)

Inhalants 3/59 (5%) 2/27 (7%) 5/86 (6%)
Flurane 3/42 (7%) 2/21 (10%) 5/63 (8%)
Halothane 0/1 (0%) 0/0 (0%) 0/1 (0%)
Nitrous oxide 0/16 (0%) 0/6 (0%) 0/22 (0%)

Neuromuscular blockers 4/57 (7%) 1/9 (11%) 5/66 (8%)
Atracurium 0/5 (0%) 0/1 (0%) 0/6 (0%)
Cisatracurium 2/18 (11%) 0/0 (0%) 2/18 (11%)
Pancuronium 0/2 (0%) 0/1 (0%) 0/3 (0%)
Rocuronium 1/11 (9%) 0/3 (0%) 1/14 (7%)
Succinylcholine 1/7 (14%) 0/1 (0%) 1/8 (12%)
Vecuronium 0/14 (0%) 1/3 (33%) 1/17 (6%)

NSAIDs 2/136 (2%) 1/19 (5%) 3/155 (2%)
Dexketoprofen 0/17 (0%) 0/0 (0%) 0/17 (0%)
Ketorolac 0/11 (0%) 0/1 (0%) 0/12 (0%)
Metamizole 1/40 (2%) 0/5 (0%) 1/45 (2%)

Paracetamol 1/68 (2%) 1/13 (8%) 2/81 (3%)
Opioids 8/124 (7%) 1/20 (5%) 9/144 (6%)

Alfentanil 0/2 (0%) 0/1 (0%) 0/3 (0%)
Burprenorphine 0/1 (0%) 0/0 (0%) 0/1 (0%)
Fenatnyl 4/71 (6%) 1/17 (6%) 5/88 (6%)
Morphine 0/11 (0%) 0/1 (0%) 0/12 (0%)
Pethidine 1/10 (10%) 0/0 (0%) 1/10 (10%)
Remifentanil 3/21 (14%) 0/1 (0%) 3/22 (14%)
Tramadol 0/8 (0%) 0/0 (0%) 0/8 (0%)

Sedative and hypnotic 6/161 (4%) 1/25 (4%) 7/186 (4%)
Chloral hydrate 0/0 (0%) 0/1 (0%) 0/1 (0%)
Cloracepate 0/1 (0%) 0/0 (0%) 0/1 (0%)
Diazepam 0/8 (0%) 0/0 (0%) 0/8 (0%)
Droperidol 0/1 (0%) 0/0 (0%) 0/1 (0%)
Etomidate 0/30 (0%) 0/2 (0%) 0/32 (0%)
Ketamine 0/2 (0%) 0/0 (0%) 0/2 (0%)
Midazolam 2/56 (4%) 0/7 (0%) 2/63 (3%)
Propofol 4/60 (7%) 1/13 (8%) 5/73 (7%)
Thiopental 0/3 (0%) 0/2 (0%) 0/5 (0%)

Others
Atropine 0/24 (9%) 1/13 (8%) 1/37 (3%)
Colloid fluids 1/5 (20%) 0/1 (0%) 1/6 (17%)
Neostigmine 0/8 (0%) 0/1 (0%) 0/9 (0%)

Results expressed as number (percentage) of cases.
NSAIDs, non-steroidal antiinflamatory drugs.
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