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ABSTRACT
OBJECTIVE: Postural orthostatic tachycardia syndrome (POTS) is one of the orthostatic intolerance syndromes that are 
common in young adolescents and impair quality of life. POTS is a multi-systemic disease. Many mechanisms have been 
defined in POTS etiology, such as autonomic denervation, hypovolemia, hyperadrenergic stimulation, low condition, and 
hypervigilance. Recently, mast cell activation (MCA) has also been on the agenda in etiology. There are few studies in the 
literature on the relationship between MCA and POTS in adulthood. However, data on children and adolescents is limited. In 
light of this information, we aimed to evaluate the relationship between POTS and MCA by measuring serum tryptase levels, 
a specific marker for MCA.

METHODS: This prospective study included patients who were admitted to Kocaeli University Faculty of Medicine Hospital 
Pediatric Cardiology outpatient clinic for syncope-presyncope between November 2018 and August 2019. Patients who under-
went the TILT-table test were enrolled in the study. Patients with structural heart disease or chronic heart disease were not 
included in this study. Serum tryptase levels were obtained from all patients before the TILT-table test, and serum tryptase 
levels were re-studied after the test was terminated in patients with positive TILT-table tests for POTS. Patients diagnosed 
with POTS were classified as Group 1, and other patients were classified as Group 2.

RESULTS: Twenty-eight of the 58 patients included in the study (mean: 14.4±2.0 years; 38 girls, 20 boys) were diagnosed 
with POTS. The remaining 30 patients were diagnosed with vasovagal syncope and included in Group 2. The increase in 
mean heart rate during the test was 38±6 beats/min and 47.05%±15.65% in patients with POTS. Basal serum tryptase lev-
els were not different between groups (3.2±1.3 ng/ml and 3.84±1.78 ng/ml, respectively; p=0.129), while serum tryptase 
levels (both baseline and after 45–60 min of the TILT-table test) were higher in patients presenting with symptoms related 
to MCA compared to others.

CONCLUSION: In the literature, MCA was considered to be one of the mechanisms leading to POTS. Although other mech-
anisms, such as neuropathic and hypovolemic POTS, may be active in the patients, the symptoms of MCA in these patients 
should be routinely questioned.
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Postural orthostatic tachycardia syndrome (POTS) is 
one of the orthostatic intolerance syndromes that are 

common in young adolescents and impair quality of life. It 
is a clinical condition characterized by dizziness, palpita-
tions, tremors, weakness, blurred vision, exercise intoler-
ance, fatigue, and orthostatic tachycardia that is especially 
acute when standing up [1]. Moreover, patients may ex-
perience functional gastrointestinal complaints (chronic 
abdominal pain, nausea, constipation, bloating, and di-
arrhea), migraine-type headaches, chronic fatigue, sleep 
disorders, and musculoskeletal system complaints [2, 3].

POTS is a multi-systemic disease, unlike other or-
thostatic intolerance syndromes. Many mechanisms 
have been defined in POTS etiology, such as autonomic 
denervation, hypovolemia, hyperadrenergic stimulation, 
low condition, and hypervigilance [4]. Recently, mast cell 
activation has also been on the agenda in etiology.

It was observed that the symptoms of patients de-
creased when a mast cell stabilizer or leukotriene antago-
nist was used in the treatment [5, 6]. As a result, patients 
with mast cell activation of POTS need to be diagnosed 
and treated promptly. Mast cell activation (MCA) syn-
drome was first described as an idiopathic disease in 
2010 [7]. The diagnosis of MCAS is made according to 
the presence of episodic, objective signs and symptoms 
involving at least two organ systems consistent with 
MCA. The diagnosis of MCA syndrome may also be 
defined as the response of symptoms to antihistamines 
and leukotriene antagonists. Many mediators that are 
released from mast cells play a role in the occurrence of 
clinical symptoms. Tryptase is the most specific mediator 
of mast cells [8–10]. Values above 15 ng/ml are consid-
ered high for the tryptase level [11]. Basal tryptase levels 
are measured in clinically suspected patients. 

There are few studies in the literature on the rela-
tionship between MCA and POTS in adulthood. Adult 
studies showed MCA in patients with POTS and the 
resolution of their symptoms after treatment with mast 
cell mediators [5]. However, data on children and ado-
lescents are limited. Herein, we aim to evaluate whether 
MCA is a potential underlying factor in the pathogen-
esis of POTS. To assess our hypothesis, we measured 
tryptase levels, which are a specific marker for MCA in 
patients diagnosed with POTS.

MATERIALS AND METHODS

This prospective study was conducted between Novem-
ber 2018 and August 2019. Patients who were admit-

ted to the Pediatric Cardiology Outpatient Clinic for 
complaints of presyncope or syncope and underwent the 
TILT-table test were enrolled in the study. Patients aged 
between 10 and 18 years participated in the study. Pa-
tients with structural heart disease, chronic disease, aller-
gic diseases, a previous history of peripheral neuropathy, 
or taking any medication impairing autonomic reflexes 
were excluded from the study. 

Patients’ gender, age, height, weight, body mass index 
(BMI), complaint at admission, prodromal symptoms, 
symptoms during and after the event, symptoms related 
to MCA, vital signs at the time of admission (heartbeat, 
blood pressure [BP], oxygen saturation measured by 
pulse oximetry), and physical examination findings were 
evaluated. Patients’ complete blood count, biochemistry, 
thyroid function tests, serum B12, ferritin, tryptase lev-
els, electrocardiography (ECG), and echocardiography 
(ECHO) were recorded retrospectively.

TILT-Table Test
Patients were divided into two groups according to the 
results of the TILT-table test. The Italian Protocol [12], 
which is the protocol accepted in international studies, 
was implemented as a TILT test protocol. Initially, be-
fore the test, basal serum tryptase levels were obtained 
from all patients. Blood samples were taken from the cu-
bital veins. A total of 5 cc of blood was taken and centri-
fuged at 5000 rpm for 10 minutes. Serum samples were 
stored at -20 OC for 3 months. Then patients rested for 
10 minutes in the supine position. Subsequently, the ta-
ble was brought to the 70-degree inclination position, 
and the non-provocative (passive) phase was applied for 
20 minutes. According to the directive published by the 
European Society of Cardiology (ESC) in 2018, during 
the TILT-table test, patients who had experienced an 
increased heart rate of ≥30 beats/min (>40 beats/min 
increase in individuals between the ages of 12 and 19) 
or a heart rate of ≥120 beats/min with no orthostatic 
hypotension (no decrease in systolic blood pressure more 
than 20 mmHg) for more than 30 seconds within the 

Highlight key points

• Postural orthostatic tachycardia syndrome (POTS) is one of 
the orthostatic intolerance syndromes.

• Mast cell activation (MCA) is one of the underlying mecha-
nisms leading to POTS.

• Mast cell mediators and their metabolites may be used to 
evaluate MCA.



Bayrak et al., Mast cell activation and postural orthostatic tachycardia syndrome in children and adolescents 317 

first 10 minutes after moving from supine to upright po-
sition were diagnosed with POTS [13, 14]. Patients who 
were diagnosed with POTS in the passive phase were 
included in Group 1, and 45–60 minutes later, a second 
serum tryptase sample was taken from these patients and 
kept at -20 OC. Tryptase levels were measured using a 
commercial fluoroenzyme immunoassay kit (Immuno-
cap Tryptase Kit, Sweden).

The remaining patients who had no symptoms and 
were not diagnosed with POTS were included in Group 
2. Group 2 consisted of patients who had presyncope 
or syncope but were not diagnosed with POTS in the 
TILT-table test. Thus, the test was moved to the second 
phase (provocative or active phase) in Group 2. The pa-
tients in Group 2 were placed in a supine position, and 
sublingual nitroglycerin was given and brought back to 
the 70-degree inclination position. The test continued 
for 20 minutes. Blood pressure and heart rate were mea-
sured before, during, and after the test. The results were 
recorded. However, control tryptase levels from patients 
(Group 2) were not obtained after the active phase.

Approval was received from the Kocaeli Universi-
ty Faculty of Medicine Clinical Research Ethics Com-
mittee for our research on November 28, 20189, under 
Project Number 2018/339. The study was performed in 
accordance with the ethical standards laid down in the 
1964 Declaration of Helsinki. Informal consent from 
both parents and patients was obtained.

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
20.0 (IBM Corp., Armonk, NY, USA). Compatibility 
with a normal distribution was evaluated with a Kolm-
ogorov-Smirnov test. Numeric variables with a normal 
distribution were assigned as mean±standard deviation, 
numerical variables without a normal distribution were 
assigned as median (25th–75th percentile), and categor-
ical variables as frequency (percent). Student-T tests 
were used to identify differences between the groups 
for numerical variables with a normal distribution and 
Mann-Whitney U tests for numerical variables without 
a normal distribution.

A Chi-squared analysis was used to evaluate the rela-
tionships between categorical variables. A paired sample 
T-test and Friedman two-way analysis of variance were 
used to compare measurements that were obtained at 
different times. In the two-tailed hypothesis test, p<0.05 
was considered statistically significant.

RESULTS

Fifty-eight patients were enrolled in the study. Of them, 
38 were (65.5%) female and 20 were (34.5%) male. The 
female-male ratio was 1.9. The mean age of patients was 
14.46±2 years. The mean body weight, height, and BMI 
were 51.7±10.45 kg, 161.8±10.09 cm, and 19.61±2.9 
kg/m2, respectively. No structural or functional heart dis-
ease was detected in the echocardiograms of all patients. 
As a result of the TILT-table test, 28 (48.2%) patients 
were diagnosed with POTS and included in Group 1. 
The remaining 30 (51.7%) patients were not diagnosed 
with POTS in the TILT-table test and were included 
in Group 2. Of these 30 patients (Group 2), 7 were di-
agnosed with vasovagal syncope during the TILT-table 
test. Among the 7 patients with vasovagal syncope, 4 
were diagnosed in the non-provocation phase and 3 in 
the provocation phase. The TILT-table test of the re-
maining 23 patients in Group 2 revealed normal results. 
Even if the tests were normal in these 23 patients, the di-
agnosis of vasovagal syncope was made clinically. Unlike 
tachycardia in POTS, vasovagal syncope was defined as 
the presence of bradycardia and hypotension (Table 1).

Of the patients diagnosed with POTS, 17 (60.7%) 
were female and 11 (39.3%) were male. The female/male 
ratio was 1.55/1. The mean age of these patients was 

  Group1 (n=28) Group 2 (n=30) p 
  Mean±SD Mean±SD

Age 14.49±1.97 14.43±2.05 0.876
Weight (percentile) 38.59±26.81 43.19±31.75 0.697
Weight (SDS) -0.34±0.81 -0.25±1.15 0.697
Height (percentile) 65.96±25.22 44.13±29.57 0.006
Height (SDS) 0.58±0.95 -0.09±1.15 0.006
BMI (kg/m2) 18.88±2.23 20.28±3.3 0.068
BMI (percentile) 27.38±22.23 43.50±30.59 0.034
BMI (SDS) -0.76±0.79 -0.22±1.19 0.034
Gender, (%)   0.640
 Female 60.7 70
 Male 39.3 30
 Female/Male 1.55/1 2.33/1
Family story, (%) 10.7 16.7 0.707

SD: Standard deviation; POTS: Postural orthostatic tachycardia syndrome; BMI: 
Body mass index.

Table 1. Demographic features of patients
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14.47±1.91 years. The mean body weight, height, and 
BMI percentiles were 38.59±26.81, 65.96±25.22, and 
27.38±22.23, respectively. Height percentiles were high-
er and BMI percentiles were lower in Group I compared 
to Group 2 (p=0.006 vs. 0.034). The remaining demo-
graphic findings were similar between the two groups. 
Furthermore, there were no statistically significant differ-
ences between the two groups in terms of general symp-

toms related to syncope and mast cell activation (Table 
2). Anaphylaxis wasn’t observed in any patients. During 
the test, the most common symptom in Group 1 was diz-
ziness, which was observed in 13 patients (46.4%). Oth-
er common symptoms in Group 1 patients were nausea, 
fatigue, feeling bad, and blackouts (Table 3).

In Group 1, POTS symptoms developed for an av-
erage of 4.92±3.26 minutes during the TILT-table test. 
At that time, the mean heart rate, systolic blood pressure 
(SBP), and diastolic blood pressure (DBP) were 120±9/
min, 109±17 mm Hg, and 70±9 mm Hg, respectively. 
An average increase of 38±6 (47%) beats/min was ob-
served in heart rate compared to baseline heart rate.

In the laboratory, the complete blood count, blood 
biochemistry, thyroid function tests, serum B12, and 
ferritin levels of patients were investigated. There were 
no significant differences between these two groups in 
terms of laboratory parameters except neutrophil count 
(Table 4). The median neutrophil counts were lower in 
Group I compared to Group 2 (3029/mm3 vs. 3762/
mm3, p=0.009).

The mean baseline tryptase levels were 3.2±1.3 ng/ml 
in patients with POTS (Group 1) and 3.84±1.78 ng/ml 
in patients with non-POTS (Group 2) (p=0.129). Inter-
estingly, serum tryptase levels (both baseline [3.19±1.37 
ng/ml vs. 2.99±1.18 ng/ml] and after 45–60 min of the 
TILT-table test [3.32±1.38 ng/ml vs. 2.799±1.12 ng/
ml]) were higher in patients presenting with symptoms 
related to MCA compared to others. However, these dif-
ferences did not reach statistical significance.

  Group 1 Group 2 p 
  (n=28) (n=30) 
  (%) (%)

Gastrointestinal symptoms   
 Nausea 35.7 36.7 1.000
 Abdominal pain 10.7 6.7 0.665
 Diarrhea 10.7 0 0.106
 Vomiting 3.6 6.7 0.492
Skin findings   
 Flushing 25 20 0.888
 Urticaria-angioedema 10.7 10 1.000
Cardiovascular symptoms   
 Palpitation 39.3 50 0.578
 Hypotension 21.4 10 0.290
 Sweating 17.9 16.7 1.000
Respiratory symtoms   
 The feeling of 
 hanging in the thorat 14.3 3.3 0.187
 Shortness of breath 14.3 30 0.263
 Wheezing 10.7 6.7 0.665
 Hoarseness of voice 0 13.3 0.113
Nazo-oculer findings   0.251
 Naso congestion 28.6 30 1.000
 Runny nose 17.9 23.3 0.849
 Itchynose 14.3 20 0.732
 Itching 14.3 20 0.732
 Eye itch 7.1 23.3 0.147
 Eye discharge 3.6 6.7 1.000
Other findings   
 Diziness 78.6 83.3 0.440
 Blurring in vision 71.4 76.7 0.899
 Tiredness 46.4 53.3 0.877
 Feeling cold 21.4 13.3 0.793
 Headache 32.1 56.7 0.499
 Pain in the neck 10.7 23.3 0.107
 Anaphylaxis 0 0 0.301

Table 2. Conditions at the onset of attacks and symptoms 
of mast cell diseases in the history

  Group 1 Group 2 p 
  (n=28) (n=30) 
  (%) (%)

Syncope/presyncope 32.1 60 0.063
Dizziness 46.4 46.7 1.000
Nausea 39.3 36.7 1.000
Tiredness 28.5 36.7 0.683
Blackout 21.4 43.3 0.135
Headache 7.1 23.3 0.147
Numbness in the fett 7.1 3.3 0.605
Sweating 3.6 10 0.612
Shortness of breath 3.6 3.3 1.000
Abdominal pain 3.6 3.3 1.000

Table 3. Symptoms developing during the test
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DISCUSSION

Herein, we evaluated 58 patients suffering from syncope 
or presyncope. POTS is one of the underlying etiologies of 
syncope, which commonly affects young females and is char-
acterized by dizziness and tachycardia without developing 
hypotension [1]. Many mechanisms have been defined in 
POTS etiology, such as autonomic denervation, hypovole-
mia, hyperadrenergic stimulation, and hypervigilance [4]. 
However, it is not clear if MCA is another mechanism im-
plicated in the etiology. Supporting this hypothesis, Shibao 
et al. [5] showed abnormal MCA in adults with POTS. Yet, 
there was no study focusing on the role of MCA in pediat-
ric POTS patients. In the present study, we evaluated the 
potential role of MCA in POTS. According to our findings 
in the adult study, patients who present with symptoms as-
sociated with MCA have higher serum tryptase levels (at 
both baseline and 45–60 minutes following TILT-table 
testing). POTS is a complex disease, and different mecha-
nisms may participate in its pathogenesis. However, MCA 
is not the sole problem in the process of POTS; it may be 
implicated in pathogenesis in some patients.

Although POTS affects all ages, it is more common 
in the adolescent and young adult age groups [15]. In our 
study, the mean age of POTS cases was 14.47±1.91 years, 

which was compatible with the literature. Adult studies 
have shown that POTS is 4–5 times higher in women 
[16–18]. The demographic characteristics of the disease 
may be different in children compared to adults. However, 
there are a limited number of pediatric studies on POTS. 
For instance, in one study [19] of 37 children and adoles-
cents with POTS, unlike adult studies, the female/male 
ratio was 1.64, which was consistent with our results. 
Furthermore, people with a low BMI are more prone to 
vasovagal syncope, or POTS. Lin et al. [20] showed lower 
BMI in children and adolescents with POTS and vaso-
vagal syncope. Correspondingly, in the present study, we 
found a lower BMI in patients with POTS.

The most common symptoms of POTS are dizzi-
ness and palpitations. In a study of 39 adult patients 
with POTS conducted by Deb et al. [21], the most com-
mon complaints were palpitations (92%), fatigue (90%), 
and dizziness (87%). As further evidence, Zhang et al. 
[19] evaluated 37 children and adolescents with POTS, 
finding that dizziness was the most commonly reported 
symptom (100%) followed by fatigue (85%). Consistent 
with Zhang’s study, the most common symptom was diz-
ziness (78.6%) in our study. Despite dizziness and palpi-
tations, patients with POTS may experience additional 
symptoms of MCA, such as gastrointestinal symptoms, 

 Group 1 (n=28) Group 2 (n=30) p

Hemoglobin (g/dL), Mean±SD 13.19±1.1 13.4±1.5 0.567
Hematocrit (%), Mean±SD 39.39±3.16 39.81±4.2 0.684
White blood cell (/mm3), Median (25–75 p) 6275 (5343–6843) 7.084 (5.576–8.200) 0.145
Neutrophil (/mm3), Median (25–75 p) 3.029 (2.423–3.773) 3.762.5 (3.127.5–4.607) 0.009
Lymphocyte (/mm3), Median (25–75 p) 6.275 (5.343.5–6.843.5) 7.084 (5.576–8.200) 0.947
Platelet (/mm3), Median (25–75 p) 250300 (201.100–318675) 276.000 (236.000–326.225) 0.563
MCV (fL), Mean±SD 82.75±5.45 84.1±5.88 0.398
Eosinophil (%), Median (25–75 p) 1.94 (1.23–4.59) 1.51 (1–3.01) 0.184
Fasting blood sugar (mg/dL), Mean±SD 94.08±13.67 89.84±15.52 0.325
Sodium (mmol/L), Mean±SD 140.66±2.22 140.21±3.61 0.580
Potassium (mmol/L), Mean±SD 4.24±0.4 4.39±0.42 0.189
Calsium (mg/dL), Mean±SD 9.83±0.36 9.83±0.46 0.991
B12 (pg/mL), Median (25–75 p) 225 (171–313.25) 209 (132.5–277.5) 0.304
Ferritin (ng/mL), Mean±SD 25.22±13.78 22.65±15.57 0.532
T4 (ng/dL) 0.91±0.33 0.9±0.2 0.836
TSH (µıu/mL) 1.56 (1.23–2.25) 1.3 (1.08–1.89) 0.166

SD: Standard deviation; TSH: Thyroid stimulating hormone; MCV: Mean cell volume; T4: Thyroxine.

Table 4. Laboratory findings of patients



North Clin Istanb320

urticaria, and a runny nose. In the present study, we also 
observed some symptoms related to mast cell activation. 
For instance, gastrointestinal symptoms (35.7% nausea, 
10.7% abdominal pain, 10.7% diarrhea, and 3.6% vomit-
ing) were present in one-third of our patients.

In the study of laboratory findings, the neutrophil 
count of Group 1 (the POTS group) was significant-
ly lower than that of Group 2 (the non-POTS group), 
while no statistical significance was found for other 
laboratory parameters. Both mast cells and eosinophils 
originate from the same pluripotent hematopoietic stem 
cells (CD 34+, CD 117+). However, the number of 
baseline eosinophil values did not differ between Group 
1 and Group 2.

The mediators released from mast cells result in 
postural tachycardia, lightheadedness, flushing, nasal 
congestion, vomiting, and diarrhea, which are also sug-
gestive symptoms of POTS. The fact that POTS and 
MCA share some of the same clinical findings has led to 
the hypothesis that mast cells may have a role in POTS 
pathogenesis. It is possible to document MCA based on 
mast cell mediators and their metabolites, such as plas-
ma tryptase, plasma and urine prostaglandins, plasma 
histamine, and plasma methylhistamine. Firstly, Shibao 
et al. [5] tested this hypothesis in adult patients with 
POTS. They showed increased urine methylhistamine 
levels in POTS patients presenting with clinical findings 
similar to MCA. Methylhistamine is the major metabo-
lite of histamine, and increased urine levels of N-meth-
ylhistamine indicate mast cell activity. However, in the 
aforementioned study, urine methylhistamine levels 
did not differ in isolated POTS patients compared to 
healthy controls. They concluded that MCA should be 
considered in POTS patients with suggestive symptoms 
of MCA, and these patients may benefit from inhibitors 
of mast cell mediators. Plasma tryptase level is a valu-
able biomarker to confirm MCA [22]. For this purpose, 
Kohno et al. [23] tested the mediators of MCA (pros-
taglandins, histamine, methyl histamine, and tryptase) 
in 69 patients with POTS. Of these 69 patients, 44 ex-
pressed additional symptoms suggesting MCA. Among 
them, 29 (66%) patients exhibited at least one labora-
tory abnormality related to MCA. Elevated plasma his-
tamine or 24-hour urine n-methylhistamine levels were 
detected in 23 patients, elevated prostaglandins in 16, 
and elevated plasma tryptase in 2 patients. In the pres-
ent study, which did not reach statistical significance, se-
rum tryptase levels (both baseline and after 45–60 min 
of the TILT-table test) were higher in patients present-

ing with symptoms related to MCA compared to others. 
Therefore, the activation of mast cells should be kept in 
mind in POTS patients when MCA-related symptoms 
are present. Understanding POTS mechanisms may 
help guide treatment.

The main limitations of the study are its single-center 
design and the small number of patients. Another lim-
itation is that tryptase is not always elevated in all condi-
tions of MCA. However, our findings are quite import-
ant due to the fact that this is the first study on the role 
of MCA in childhood POTS.

Conclusion
In conclusion, we suggest that clinicians question the 
symptoms related to MCA in suspicious cases. Further 
studies are required to test the effectiveness of mast 
cell-targeted therapies in these patients.
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