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Systemic Mastocytosis Successfully Managed using Cytosorb® 
During Cardiopulmonary Bypass for Aortic Valve Replacement
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Case Report

INTRODUCTION

Systemic mastocytosis (SM) is a rare hematologic disorder 
with an estimated incidence of  1:10,000 worldwide. SM 
results from a clonal proliferation of  abnormal mast cells 
that accumulate in the bone marrow and/or in different 
other organs (skin, liver, etc.).[1] After various stimuli 
such as stress, medication, and hymenoptera stings, these 
cells can be activated and then release large amounts of  
mediators like histamine, leukotrienes, prostaglandins, and 
platelet activating factors, causing very severe anaphylactic 
reactions.[2,3]

Anesthesia is a potential trigger for mast cell degranulation[4] 
and can lead to profound hemodynamic instability and 
potentially fatal outcome.[5,6] Only limited data are available 
on peri‑operative and anesthetic management of  patients 
with SM, especially patients undergoing cardiac surgery 
with cardiopulmonary bypass (CPB).[7] Peri‑operative 

management of  patients with SM mainly consist of  the 
avoidance of  histamine‑releasing drugs and other potential 
triggers of  uncontrolled mast cell degranulation.[8] The 
induction of  anesthesia is at high risk for developing severe 
hypotension and mast cell degranulation. The main drugs 
used in anesthesia daily practice and commonly involved 
in mast cell degranulation or histamine release include 
neuromuscular blocking agents (especially atracurium 
and mivacurium), opioids (morphine), non‑steroidal 
anti‑inflammatory drugs (NSAIDs), and antibiotics.[9] 
In contrast, some frequently used drugs like propofol, 
fentanyl, halogenated gases, and rocuronium can be safely 
used in patients with SM. Protamine administration is 
another significant trigger for anaphylactic reaction. In SM, 
adverse reactions to protamine could be mediated by the 
release of  inflammatory mediators, including histamine.[10] 
However, the reversal of  heparin with protamine remains 
the standard procedure in patients with SM as no other 
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ABSTRACT
We describe the case of a 72‑year‑old male with a history of systemic mastocytosis scheduled for on‑pump aortic valve replacement for severe 
aortic insufficiency. Anesthesia and peri‑operative management included avoidance of histamine‑releasing drugs, methylprednisolone and 
clemastin prophylaxis. Furthermore, a CytoSorb® cartridge has been added to the bypass circuit and hemoadsorption was performed throughout 
the entire cardiopulmonary bypass (CPB) duration. CytoSorb® is a hemoadsorption device designed to remove various cytokines and drugs 
from the blood. The use of CytoSorb® during CPB in our case was not associated with adverse events, and the patient did not present any 
allergic or anaphylactic reaction.
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dilatation (an LV diastolic volume of  276 ml corresponding 
to 114 ml/m2). Due to history of  SM and the lack of  risk 
factors for coronary disease, the pre‑operative work‑up 
consisted with a myocardial scintigraphy instead of  
the usual coronary angiography to avoid triggering any 
immunologic reaction. This exam showed a normal left 
ventricle function without a sign of  coronary disease. The 
patient was admitted and scheduled for an elective surgical 
on‑pump aortic valve replacement.

The induction of  anesthesia was realized with propofol 
1mg/kg, dexmedetomidine 0.5 mcg/kg over 10 minutes 
and then 0.5 mcg/kg/h, sufentanil 0.3 mcg/kg, and 
rocuronium 0.6 mg/kg. The patient also received 125 mg 
of  methylprednisolone and 2 mg of  clemastin at the 
induction of  anesthesia. Antibiotic prophylaxis with 
cefuroxime 1.5 g was administered 30 minutes prior 
to skin incision. The anesthesia was maintained with 
sevoflurane (with MAC 0.7 to 1.0), and the patient received 
repeated boluses of  rocuronium and sufentanil during the 
procedure. Norepinephrine infusion was used to maintain 
the blood pressure (with a maximum of  6 mcg/min) 
within the usual range. An activated clotting time (ACT) 
of  400 s was obtained after an intravenous injection of  
heparin (25,000 UI). A CytoSorb® cartridge was added 
into the CPB circuit, and hemoadsorption was performed 
throughout the entire CPB duration. Biological aortic valve 
replacement was performed successfully (Edwards® Resilia 
Inspiris 29 mm) with a CPB duration of  86 minutes and 
an aortic cross‑clamp time of  66 minutes. The heparin 
was neutralized with slow administration of  40,000 IU of  
protamine chlorhydrate at the end of  CPB. The procedure 
was uneventful; the patient was hemodynamically stable all 
along the procedure and could be extubated in the operating 
room at the end of  the surgery without any complications. 
The post‑operative course was uneventful, and the patient 
was treated for SM with oral levocetirizine during 7 days 
post‑operative. Analgesia was adequately controlled with 
oral acetaminophen and intravenous fentanyl. The patient 
was then discharged from ICU on post‑op day 2 and 
discharged from the hospital on post‑op day 9.

RESULTS

The basal pre‑operative tryptase was 59.6 mcg/L. 
Figure 1 illustrates peri‑operative evolution of  plasma 
tryptase level. There is a little decrease in blood tryptase 
level after induction of  anesthesia and the beginning 
of  the operation (from 59.6 mcg/L pre‑operative to 
48.8 mcg/L before initiation of  CPB). This might be due 
to hemodilution with Ringer‑lactate used during anesthesia. 
After 86 minutes of  CPB, there is only a minor increase 

alternatives for on‑pump cardiac surgery has been 
validated. Anesthetists must be prepared, and epinephrine, 
anti‑histaminic, and corticosteroids should be immediately 
available. Moreover, on‑pump cardiac surgery can induce a 
supplementary systemic inflammatory response through the 
contact of  blood components with the surface of  the CPB 
circuit, aortic cross‑clamp, ischemia‑reperfusion injury, and 
surgical trauma.[11,12] Furthermore, some surgical patients 
may develop a profound cardiovascular collapse following 
CPB in cardiac surgery, called vasoplegic syndrome.[13] The 
vasoplegic syndrome is multi‑factorial, including surgical 
trauma, CPB circuit, ischemia‑reperfusion, and systemic 
inflammatory response with release of  pro‑inflammatory 
cytokines (IL‑1β, IL‑6, IL‑8, and TNF‑α). Some studies 
described strategies and devices attempting to decrease 
the inflammatory response and subsequent vasoplegic 
syndrome in on‑pump surgical patients.[14] In these cases, 
the hemoadsorption of  pro‑inflammatory cytokines 
(IL‑6 and IL‑8) is thought to be one of  the main 
mechanisms involved. The hemoadsorption CytoSorb® 
cartridge system designed to remove cytokines from the 
blood appears safe and is easy to add in a bypass circuit. 
In our case, a CytoSorb® cartridge has been added into 
the CPB circuit with the hope to attenuate or abolish the 
possible inflammatory response and pro‑inflammatory 
cytokine release, potentially avoiding a significant 
mast cell release and further hemodynamic instability. 
CytoSorb® (CytoSorbents Europe GmbH, Berlin, 
Germany) is a hemoadsorption device designed to remove 
cytokines from the blood.[15–17] It can easily be inserted 
into a cardiopulmonary bypass and has been shown to 
efficiently retrieve pro‑inflammatory mediators and drugs 
from the circulation.[18] However, there are only limited data 
regarding the real efficacy of  CytoSorb® during cardiac 
surgery.[17] As CytoSorb® is highly effective in adsorption 
of  numerous inflammatory mediators,[19] we hypothesized 
that CytoSorb® might attenuate the pro‑inflammatory 
cascade and therefore diminish the severity of  a potential 
anaphylactic reaction by removing inflammatory cytokines 
and other mediators from the blood.

CASE PRESENTATION

We report the case of  a 72‑year‑old male (73 kg, 182 cm) 
with a history of  SM complaining of  increasing dyspnea 
NYHA III. The patient was diagnosed for SM 4 years ago 
after suffering from severe anaphylactic shock secondary 
to hymenoptera sting (basal tryptase level 59.9 mcg/L). 
The patient has no other medical history and no regular 
treatment. The pre‑operative echocardiography revealed 
a severe aortic insufficiency (a regurgitation fraction of  
54% determined by cardiac MRI) with severe left ventricle 
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in blood tryptase level, from 48.8 mcg/L to 53.5 mcg/L, 
although CPB is a potential trigger for inflammatory 
and anaphylactic reaction in SM. We hypothesized 
that the use of  CytoSorb® might have played a role in 
limiting the immunologic reaction and thus the increase 
in serum tryptase level following CPB. Moreover, small 
variations of  tryptase levels might also be caused by 
fluid administration during anesthesia. The decrease in 
tryptase level on day 4 is not fully understood. It might 
be caused by the methylprednisolone and levocetirizine 
prophylactic administration. It might also be caused by 
the prolonged anti‑inflammatory effect of  IL‑10 following 
hemoadsorption with CytoSorb®.[20]

The plasma cytokine level evolution is shown in Figure 2. 
As one could expect, there is a significant increase in 
pro‑inflammatory cytokine blood levels following CPB, 
confirming that CPB generates a systemic inflammatory 
response. However, in our case, pro‑inflammatory 
cytokines (both IL‑6 and IL‑18) and their respective 
increase are lower than the median values described in 
a previous study.[20] On the other hand, the increase of  
anti‑inflammatory cytokine IL‑10 is largely superior to 
previously described values. This large amount of  IL‑10 
triggered by CPB might have attenuated the effects of  
other inflammatory mediators. Furthermore, in the study 
by Bernardi et al.,[20] the anti‑inflammatory effect of  IL‑10 
seems prolonged in the patients with hemoadsorption 
using CytoSorb® during CPB compared to patients under 
CPB alone. The clinical importance of  this effect is yet 
not known.

In comparison with cytokine levels, there is no significant 
increase in blood tryptase levels, showing that the 
inflammatory response triggered by CPB did not result 
in a massive mast cells degranulation, even in the context 
of  SM.

DISCUSSION

SM is a rare condition, and very limited data have 
been published regarding peri‑operative and anesthetic 
management of  SM. Several cases of  patients with SM 
undergoing surgery, including cardiac surgery with CPB, 
have been described,[10] but to our knowledge, this is the 
first case describing the use of  CytoSorb® during CPB in 
a patient with SM.

CytoSorb® is a non‑invasive, relatively cheap device with 
no major side effects, although the clinical impact of  
removal of  pro‑inflammatory and anti‑inflammatory 
cytokines is not well known. However, hemoadsorption 
with CytoSorb® result in a decrease in pro‑inflammatory 
cytokine levels (such as IL‑6, IL‑18, and MCP‑1) but 
also in anti‑inflammatory cytokines (such as IL‑10) 
and various drugs.[17] The net effect of  unselective 
blood purification is not known. Because removal of  
pro‑inflammatory cytokines could be beneficial, blood 
purification of  anti‑inflammatory cytokines and drugs 
could, on the other hand, be deleterious. In the case of  
a severe immunologic reaction due to SM and triggered 
by cardiac surgery, no matter the trigger is surgical 
or pharmacological, hemoadsorption could in theory 
attenuate the inflammatory reaction by removing cytokines 
from the circulation. Moreover, treatment of  post‑CPB 
vasoplegic syndrome with CytoSorb® is efficient and well 
established.[14] For this reason, CytoSorb® could reasonably 
be used in patients who are at risk of  developing a severe 
reaction due to circulating cytokines, such as in SM. 
In conditions where a high level of  pro‑inflammatory 
cytokines is expected, one might suppose that the potential 
benefit of  removing circulating cytokines, including 
anti‑inflammatory cytokines, is probably higher than the 
risk.

Figure 1: Evolution of blood tryptase levels. T1: day 1 before 
surgery; T2: CPB initiation; T3: CPB weaning; T4: day 3 post surgery; 
T5: 8 months post surgery

Figure 2: Evolution of cytokines blood levels following CPB. T1: Before 
induction of anaesthesia; T2: CPB initiation; T3: CPB weaning. 
IL‑6, IL‑18 and MCP‑1 are pro‑inflammatory cytokines. IL‑10 is an 
anti‑inflammatory cytokine
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CONCLUSIONS

The use of  CytoSorb® during CPB for patients with SM 
appears to be safe and, in our case, was not associated with 
adverse events. However, whether CytoSorb® effectively 
prevented any potential cardiovascular collapse or mast cell 
degranulation is not known. The interest and efficacy of  
CytoSorb® to efficiently remove potential triggers in SM 
are not proven. Further studies are needed to evaluate the 
efficacy of  CytoSorb® in the particular case of  SM.

List of abbreviations
• ACT: Activated Clotting Time
• CPB: Cardiopulmonary Bypass
• IL: Interleukine
• MAC: Minimal Alveolar Concentration
• MRI: Magnetic Resonance Imaging
• SM: Systemic Mastocytosis.

Declaration of patient consent
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient(s) has/have 
given his/her/their consent for his/her/their images and 
other clinical information to be reported in the journal. 
The patients understand that their names and initials will 
not be published and due efforts will be made to conceal 
their identity, but anonymity cannot be guaranteed.

Acknowledgments
AG is very grateful to Dr Carlo Marcucci (department of  
Anesthesia at Lausanne University Hospital, Switzerland) 
for his help and mentorship in cardiac anesthesia 
throughout the years.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Pardanani A. Systemic mastocytosis in adults: 2021 Update on diagnosis, 
risk stratification and management. Am J Hematol 2021;96:508–25.

2. Azaña JM, Torrelo A, Matito A. Update on mastocytosis (Part 2): 
Categories, prognosis, and treatment. Actas Dermosifiliogr 
2016;107:15–22.

3. Azaña JM, Torrelo A, Matito A. Update on mastocytosis (Part 1): 
Pathophysiology, clinical features, and diagnosis. Actas Dermosifiliogr 
2016;107:5–14.

4. Carter MC, Uzzaman A, Scott LM, Metcalfe DD, Quezado Z. Pediatric 
mastocytosis: Routine anesthetic management for a complex disease. 
Anesth Analg 2008;107:422–7.

5. Vaughan ST, Jones GN. Systemic mastocytosis presenting as 
profound cardiovascular collapse during anaesthesia. Anaesthesia 
1998;53:804–7.

6. Dewachter P, Castells MC, Hepner DL, Mouton‑Faivre C. Perioperative 
management of  patients with mastocytosis. Anesthesiology 
2014;120:753–9.

7. Wanamaker KM, Magovern GJ, Moraca RJ. Aortic valve replacement 
in patients with systemic mastocytosis. J Card Surg 2012;27:189–91.

8. Hermans MAW, Arends NJT, Gerth van Wijk R, van Hagen PM, 
Kluin‑Nelemans HC, Oude Elberink HNG, et al. Management 
around invasive procedures in mastocytosis: An update. Ann Allergy 
Asthma Immunol Off  Publ Am Coll Allergy Asthma Immunol 
2017;119:304–9.

9. Chaar CIO, Bell RL, Duffy TP, Duffy AJ. Guidelines for safe surgery 
in patients with systemic mastocytosis. Am Surg 2009;75:74–80.

10. Suleiman MN, Brueckl V, Fechner J, Kaemmerer A‑S, Wilk F, 
Weyand M, et al. A practical approach to systemic mastocytosis 
complications in cardiac surgery: A case report and systematic review 
of  the literature. J Clin Med 2023;12:1156.

11. Day JRS, Taylor KM. The systemic inflammatory response syndrome 
and cardiopulmonary bypass. Int J Surg Lond Engl 2005;3:129–140.

12. Paparella D, Yau TM, Young E. Cardiopulmonary bypass induced 
inflammation: Pathophysiology and treatment. An update. Eur 
J Cardio‑Thorac Surg Off  J Eur Assoc Cardio‑Thorac Surg 
2002;21:232–44.

13. Ltaief  Z, Ben‑Hamouda N, Rancati V, Gunga Z, Marcucci C, 
Kirsch M, et al. Vasoplegic syndrome after cardiopulmonary bypass 
in cardiovascular surgery: Pathophysiology and management in critical 
care. J Clin Med 2022;11:6407.

14. Träger K, Fritzler D, Fischer G, Schröder J, Skrabal C, Liebold A, et al. 
Treatment of  post‑cardiopulmonary bypass SIRS by hemoadsorption: 
A case series. Int J Artif  Organs 2016;39:141–6.

15. Poli EC, Alberio L, Bauer‑Doerries A, Marcucci C, Roumy A, Kirsch M, 
et al. Cytokine clearance with CytoSorb® during cardiac surgery: A pilot 
randomized controlled trial. Crit Care Lond Engl 2019;23:108.

16. Kellum JA, Song M, Venkataraman R. Hemoadsorption removes 
tumor necrosis factor, interleukin‑6, and interleukin‑10, reduces nuclear 
factor‑kappaB DNA binding, and improves short‑term survival in 
lethal endotoxemia. Crit Care Med 2004;32:801‑5.

17. Poli EC, Rimmelé T, Schneider AG. Hemoadsorption with CytoSorb®. 
Intensive Care Med 2019;45:236–9.

18. Mendes V, Colombier S, Verdy F, Bechtold X, Schlaepfer P, Scala E, 
et al. Cytosorb® hemoadsorption of  apixaban during emergent 
cardio‑pulmonary bypass: A case report. Perfusion 2021;36:873–5.

19. Malard B, Lambert C, Kellum JA. In vitro comparison of  the adsorption 
of  inflammatory mediators by blood purification devices. Intensive 
Care Med Exp 2018;6:12.

20. Bernardi MH, Rinoesl H, Dragosits K, Ristl R, Hoffelner F, 
Opfermann P, et al. Effect of  hemoadsorption during cardiopulmonary 
bypass surgery ‑ A blinded, randomized, controlled pilot study using 
a novel adsorbent. Crit Care Lond Engl 2016;20:96.

D
ow

nloaded from
 http://journals.lw

w
.com

/aoca by pLkm
z4c8S

u3lgU
qA

X
T

6sF
m

yA
T

ke9vK
LU

S
E

D
8rK

kC
6S

X
pT

M
njC

0N
Y

D
397xvnM

A
w

H
cc6t2N

tB
y89sskY

V
S

I9fi5Y
+

K
1k8m

3M
Z

vH
bfoY

C
gH

+
lkH

xS
/M

3c/8cR
guhiC

sqtjQ
C

R
tW

T
uM

R
F

4B
LhW

E
D

6O
ieccU

Q
y93729c7Icd1P

a+
u4ew

=
 on 10/07/2024


