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Abstract

Perioperative management in patients suffering from systemic mastocytosis is
challenging. Most recommendations regarding anesthetic management in these
patients are based on clinical reports, and there are controversies about the use of
rocuronium and sugammadex. We present a case report of a patient with systemic
mastocytosis whowas given sugammadex for rocuronium reversal. Tryptase levelswere
monitored during the first postoperative 24h, without evidence of elevation. We also
performed a systematic review to provide an overview of current evidence regarding
the safety of using sugammadex in patients suffering from systemic mastocytosis. The
search strategy included PubMed and Google Scholar. All studies published up to and
including January 2021 concerning anesthetic management in systemic mastocytosis
were included. Of the 122 articles located, 9 articles were included: 2 reviews and
7 case reports. Data from reviewed studies confirm that sugammadex can safely be
administered in patients suffering from systemic mastocytosis.
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Introduction

Systemic mastocytosis is a rare disorder
characterized by abnormal proliferation of
mast cells in tissues and organs. During
the perioperative period, the presence of
stimuli is frequent. Stressors such as tis-
sue manipulation, alteration of body tem-
perature, pain, or administration of anes-
thetic/analgesic drugs can provoke mast
cell degranulation. Releasing mediators
such as histamine, tryptase, prostaglandin
D2 and heparin can produce severe sys-
temic manifestations [1, 2]. Therefore, the
anesthetic management of these patients
is dangerous and challenging; however,
most of the anesthetic recommendations
are based on individual clinical cases due
to its low prevalence.

One of the most current controversies
in the field of anesthesia for patients with

mastocytosis is the use of rocuronium and
sugammadex [3]. Both rocuronium and
sugammadex may be one of the medica-
tions most frequently involved in periop-
erative anaphylaxis, and they are potential
triggers of mast cell degranulation. Thus,
amongpatients investigated for suspected
anaphylaxis in a retrospective study per-
formed in the Japanese Gunma Univer-
sity Hospital region, this was confirmed
in 21.7% for rocuronium and in 28.3% for
sugammadex [4]. Besides, rocuroniumhas
been shown to cause mast cell degranula-
tion by activation of a specific mast cell re-
ceptor [5], but the underlyingmechanisms
by which these drugs cause anaphylactic/
anaphylactoid reactions in naïve patients
are yet to be elucidated.

We present a case of a patient suffer-
ing from systemic mastocytosis in which
rocuronium followed by sugammadexwas
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used and serum tryptase levels were mon-
itored during the perioperative period. We
also performed a systematic review of the
published literature on the use of sugam-
madex in patients with systemic mastocy-
tosis.

Case report

Patient information, clinical findings
and diagnose

The patient consented to publication
and signed the informed consent. We
present the case of a 50-year-old woman
(184 cm, 66kg) with American Society of
Anesthesiologists (ASA) physical status II,
diagnosed with systemic mastocytosis
with c-kit D816 mutation and expression
of CD2 and CD25 with cutaneous symp-
toms (urticaria) and episodes of systemic
anaphylaxis. She had been treated with
subcutaneous epinephrine at that time.
The patient had a personal history of
Hashimoto’s thyroiditis and drug-induced
hepatitis. In addition, she had previ-
ously undergone left parathyroidectomy,
subsequently suffering from generalized
urticaria associatedwithnonsteroidal anti-
inflammatory drugs (NSAID) in the early
postoperative period. The patient had no
other medical history. She was sched-
uled for right hemithyroidectomy to solve
a follicular neoplasia of the right thyroid
lobe. She did not present predictors of
difficult airway management. Her daily
medication included sodium cromogly-
cate 100mg/4h and ebastine 20mg/24h.
Physical examination revealed erythe-
matous lesions on the trunk and lower
limbs. The baseline serum tryptase deter-
mination was 140ng ·ml–1. The tryptase
determination technique was fluoroen-
zyme immunoassay (immunoCap 250®
[Phadia, Uppsala, Sweden]), reference
values: 0–11ng ·ml–1.

Perioperative management

The patient was evaluated by the al-
lergology department prior to the sur-
gical intervention in order to carry out
a multidisciplinary approach to the most
appropriate drugs for perioperative man-
agement. In this assessment, it was con-
cluded that the only NSAIDs that could be

used were paracetamol and celecoxib. In
addition, the pertinent recommendations
were made in case the patient had to
undergo general anesthesia. Thus, she
was premedicated with oral prednisone
0.5mg · kg–1 1h prior to the surgery, and
with intravenous dexchlorpheniramine
5mg, ranitidine 100mg, and montelukast
10mg immediately before anesthetic in-
duction. In addition, midazolam 3mg was
administered in the preanesthesia room.
Intraoperative monitoring included elec-
trocardiogram, heart rate (HR), bispectral
index (BIS), pulse oximetry (SpO2), nonin-
vasive blood pressure (NIBP) and train-of-
four (TOF). Vital signs at the arrival to the
operatingroomwere: NIBP132/82mmHg,
HR 90bpm, SpO2 100%. Anesthetic in-
duction was performed with etomidate
0.2mg · kg–1, remifentanil in continu-
ous perfusion 0.1mcg · kg–1 · min–1 and
rocuronium 0.6mg · kg–1. Intraoperative
maintenance was performed using bal-
anced anesthesia, with desflurane 0.7–0.9
MAC (minimal alveolar concentration)
and remifentanil 0.05–0.1μg · kg–1 · min–1.
The patient showed hemodynamic stabil-
ity, adequate peripheral saturation (SpO2

98–100%) and adequate neuromuscular
relaxation (TOF 0–1/4) throughout the
intraoperative period (length of surgery:
115min). At the end of the procedure,
neuromuscular blockade was reversed
with sugammadex 2mg · kg–1 according
to TOF response (TOF 3/4) and the patient
was transferred to the intensive care unit
(ICU) for postoperative monitoring. Her vi-
tal signs at the arrival to the ICUwere: NIBP
119/74mmHg, HR 72bpm, SpO2 100%.
No cutaneous or systemic signs of mast
cell release were noticed perioperatively.
Postoperative analgesic management was
controlled using intravenous paracetamol
1g/6h and oral celecoxib 200mg/24h.

Monitoring and results

Blood samples were taken for the determi-
nation of serum tryptase in the immediate
postoperative period (105ng ·ml–1), and at
2h (103ng ·ml–1), at 6h (104ng ·ml–1) and
24h (105ng ·ml–1) postoperatively. She
did not present symptoms associated with
her underlying pathology, or postopera-
tivecomplications, andshewasdischarged
48h after surgery.

Methods: systematic review

Eligibility criteria

All studies published up to January 2021
concerning anesthetic management in
systemic mastocytosis were included for
this systematic review. It was conducted
in accordance with current guidelines
on systematic literature reviews, and
prospectively registered at International
prospective register of systematic re-
views (PROSPERO:CRD 42021239209).
This manuscript adheres to the applicable
Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
statement.

Search strategy

Studies were identified within the elec-
tronic databases PubMed and Google
Scholar. Search strategy was carried
out as follows: in PubMed: systemic
mastocytosis[MeSH Terms] OR urticaria
pigmentosa[MeSH Terms] AND anesthe-
sia[MeSH Terms], and in Google Scholar:
“systemic mastocytosis” OR “urticarial
pigmentosa” AND anesthesia OR “gen-
eral anesthesia” OR “sugammadex” NOT
“regional anesthesia”.

Study selection

All studies published up to January 2021
in English, Spanish, or German were el-
igible. No type of document restriction
was applied, and no methodology filters
were used. Titles and abstracts of retrieved
papers were screened for relevance. Se-
lection of articles was carried out using
predefined screening criteria. Disagree-
ments regarding inclusion were resolved
via discussion among the authors.

The reasons for excluding studies were
duplicated papers, publications reporting
anaphylaxis to sugammadex in patients
not suffering from systemic mastocytosis,
or patients suffering from systemic mas-
tocytosis for whom sugammadex had not
been administered. A flow-chart illustrat-
ing the process of study selection is pre-
sented in . Fig. 1.
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Data extraction

Using a predefined data extraction form,
data were gathered from individual pa-
pers. Any discrepancies in the extracted
data were resolved via discussion among
authors.

Information obtained from reviews
were abstracted in a narrative synthesis.
Details obtained from case reports were
compared and summarized (. Table 1).
Data regarding the elevation of tryptase
levels after sugammadex administration
were ordered numerically, as difference
between poststimulus and prestimulus
values. As no randomized clinical trials
were expected to be identified, data ex-
traction was based on conclusions found
in reviews and results reported in case
reports.

Results

Our search yielded 122 articles: 42 in
PubMed and 80 in Google scholar. Af-
ter excluding duplicate articles, 112 arti-
cles remained. Exclusions were made for
the following reasons: 59 articles describe
the appearance of anaphylactic reactions
related to the use of sugammadex in pa-
tients who did not suffer from systemic
mastocytosis, 34 articles describe anes-
thetic management in patients with sys-
temic mastocytosis without specifying the
use of sugammadex, and 10 articles were
written in languages other than those in-
cluded in the inclusion criteria.

Reviews

Onlyone reviewof thosepublished regard-
ing anesthetic management in patients
with systemic mastocytosis recommends
the administration of sugammadex [6]. Al-

though they found no reason to advise
against its use in these patients, they ac-
knowledged that there are no data con-
cerning it.

Moreover, in a reviewonanesthetic rec-
ommendations in electroconvulsive ther-
apy in special conditions [7], the use of
full-dose rocuronium reversed with sug-
ammadex in short-term procedures is an
acceptable alternative for patients with
systemic mastocytosis.

Case reports

In 4 case reports of patients with systemic
mastocytosis the use of sugammadex is
reported [8–11]. Two articles justify not
using of sugammadex due to its unavail-
ability [12, 13]. In another article, sug-
ammadex is proposed as an acceptable
option in pregnant women with mastocy-
tosis, although in the reported case neu-
raxial anesthesia was used [14].
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Table 1 Reviews and case reports published regarding the use of rocuroniumor sugammadex in patients suffering from systemicmastocytosis
Reference Rocuronium

use
Sugammadex use Tryptase levels

monitoring
Observations

Dewachter et al. (2014)
[6]

Accepted Accepted (although there are no
data regarding its use)

Not applicable Review of perioperativemanagement of
patients with mastocytosis

Fernández-Candil et al.
(2020) [7]

Acceptable
alternative

Acceptable alternative Not applicable Review of anesthesia in electroconvulsive
therapy in special conditions

Unterbuchner et al.
(2017) [8]

Used Used (although no previous
data)

Yes, perioperatively Case report: Rapid sequence induction

De la Fuente Tornero
et al. (2017) [9]

Used Used (in order to reverse a sus-
pected rocuronium anaphylaxis)

Postoperatively, to
monitor anaphylaxis

Case report: Patient suffering from Kounis
syndrome as onset of systemicmastocytosis

Dewachter et al. (2018)
[10]

Used Used Postoperatively, to
monitor anaphylaxis

Case report: IgE-mediated allergy in a patient
with unsuspectedmastocytosis

Parra et al. (2020) [11] Used Used Yes, perioperatively Case report: Scheduled neurosurgery

Bryson et al. (2017) [12] Used Not available No Case report: electroconvulsive therapy

Aloysi et al. (2016) [13] Acceptable
alternative
(not used)

Not available No Case report: electroconvulsive therapy

Kumaraswami et al.
(2018) [14]

Acceptable
(not used)

Acceptable (not used) No Case report: vaginal delivery with neuraxial
analgesia in mast cell activation syndrome

Only in 2 of the reported cases in which
sugammadex was used, was periopera-
tive monitoring of serum tryptases per-
formed. In the article by Unterbuchner
et al. the levels of tryptases went from
17ng · ml–1 preoperatively, to 18ng · ml–1

(+5.9%) 30min after the administration
of rocuronium and to 20ng · ml–1 (+11.8%
with respect to basal value) 30min af-
ter the administration of sugammadex [8].
In the case reported by Parra et al., the
levels of tryptases went from 12ng · ml–1

preoperatively down to 9ng · ml–1 (–25%)
in the postoperative period, although it
is not specified how much time elapsed
from the administration of sugammadex
to tryptase determination [11]. . Figure 2
shows the evolution of the tryptases levels
in the two cases referred to, together with
the evolution in the case reported in this
article.

Discussion

To our knowledge, this is the first reported
case of monitoring the evolution of serum
tryptase levels in a patient with systemic
mastocytosis. It was carried out during the
first 24 postoperative hours after the ad-
ministration of rocuronium-sugammadex,
showing the absence of mast cell degran-
ulation from clinical and analytical points
of view.

Systemic mastocytosis is a hematologi-
caldisordercharacterizedbyaberrantmast

cell accumulation that typically affects the
skin and/or the bonemarrow. Patients suf-
feringfromthispathologymaypresentsys-
temicsymptomssecondary tomastcell de-
granulation. Whenmastcellsareactivated,
large amounts of mediators are released,
causing an anaphylactoid reaction, affect-
ing up to 50% of the patients throughout
their lives [15]. Therefore, conventional
allergy tests or IgE measurements are not
useful for the diagnosis of mast cell de-
granulation since it is not mediated by IgE
[16]. Also, there is no evidence of a higher
prevalence of IgE-mediated hypersensitiv-
ity in these patients compared to the gen-
eral population [6]. The measurement of
serum tryptase is a simple test with an
adequate reproducibility, useful in the di-
agnosis of all forms of reactions that occur
as a consequence of mast cell activation
[17, 18].

The incidence of hypersensitivity re-
lated to anesthesia and/or surgery is un-
known in thesepatients [6]. During thepe-
rioperative period, a large number of stim-
uli are produced that canprovokemast cell
degranulation, such as emotional stress,
trauma, alterations in thepatient’s temper-
ature, or the administration of histamine-
releasing drugs such as morphine. There-
fore, the perioperative phase is considered
as a potential risk period for these patients.
Because multiple and varied stimuli can
trigger symptoms, prevention is consid-
ered essential. Given the low incidence of

the disease, it is not possible to design
clinical trials studying the use of drugs in
this group of patients. Thus, most of data
collected on the safety of anesthetics in
these patients are based on case reports;
however, there are controversies among
some published clinical cases. It must also
be taken into account that some guide-
lines may arbitrarily contraindicate drugs
that couldbeused incertaincircumstances
since they are based on expert opinions
[19].

It is necessary to establish an action
plan during the preoperative period by in-
vestigating previous events that triggered
clinical symptoms in the patient [6]. In the
case presented, a consensual action plan
wasestablished, admittingthepatient24h
before theprocedureand startingpremed-
ication with corticosteroids, H1 and H2 an-
tihistamines, and leukotriene receptor an-
tagonists. Furthermore, histamine-releas-
ing drugs including neuromuscular block-
ing agents such as benzylisoquinolines, or
morphine derivatives were avoided. If the
information obtained in preclinical studies
is applied, it seems logical that the ad-
ministration of histamine-releasing drugs
should be avoided in these patients [8].

Nondepolarizing neuromuscular block-
ers are the agents most frequently impli-
cated in anaphylactic and anaphylactoid
reactions during anesthetic procedures,
and rocuronium is the most common [20,
21]; however, conflicting information has
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been published regarding the possible
use of rocuronium in patients suffering
from systemic mastocytosis. Rocuronium
causes mast cell degranulation by acti-
vating a mast cell-specific receptor, the
human MRGPRX2. This reaction occurs
even in patients without sensitization
to this agent, provoking pseudoallergic
(nonanaphylactic) reactions [5]. Thus,
some authors recommend avoiding it
[16, 22–27]; however, other authors rec-
ommend using it as an alternative to
others that release even more histamine,
such as atracurium or succinylcholine [6,
12, 28–32]. The administration of sug-
ammadex has been shown to prevent
rocuronium from interacting with the
immune system, but anaphylactic reac-
tions induced by rocuronium cannot be
completely abolished by sugammadex
[33].

The more recent incorporation of sug-
ammadex into the therapeutic arsenal
means that there is little information on
its appropriate use in these types of pa-
tients. Despite this, it is recommended
in one of the publications included in
this systematic review [6]. The increasing
number of case reports and case series in
which sugammadex has been shown to be
safe in patients with systemic mastocyto-
sis [8–11] supports this recommendation;
however, there are few cases in which
tryptase levels were monitored to con-
firm the apparent clinical safety. In the
case published by Unterbrucher et al.,

the levels of tryptases did not change
significantly within a small range in com-
parison to preoperative baseline [8], while
in the one published by Parra et al. they
even decreased [11]. In our case, tryptase
levels fell from the baseline value of 140
to 105ng · ml–1 (–25%). The stimulation
of mast cells by the sugammadex-rocuro-
nium complex might be missed, because
sugammadex was administered at the
end of the surgery and not just after the
administration of rocuronium. Quantifi-
cation of the plasma level of rocuronium
at the time of sugammadex administra-
tion would have been the gold standard;
however, the case report is intended to
describe the safety of sugammadex in
patients with systemic mastocytosis in
the routine clinical practice. Moreover,
it is important to note that our patient’s
baseline tryptase values were higher than
in the other reported cases. Perhaps the
maintenance (or even the decrease) of
the tryptase values was the consequence
of the premedication established [26],
masking the possible mast cell degranu-
lation that these drugs could potentially
cause. Taking into account that preopera-
tive premedication is not standardized in
these patients, we consider it essential to
monitor serum tryptase levels throughout
the perioperative period.

The clinical case presented, and the
literature included in this systematic re-
view confirm that the use of rocuronium
followed by sugammadex is safe in pa-

tients suffering from systemic mastocyto-
sis; however, it is necessary to have an es-
tablished perioperative action plan, a con-
sensual premedication, and to avoid other
histamine-releasing triggers in these pa-
tients.
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