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Postural tachycardia syndrome (POTS) is deined as the 

development of orthostatic symptoms associated with 

an increase in heart rate (HR) greater than 30 beats/min. 

More severe cases are associated with a standing HR in-

crease greater than 120 beats/min.1 Orthostatic symptoms 

most often include light-headedness, palpitations, presyn-

cope, and exacerbations with heat or exercise.2 Overall, the 

prognosis of POTS has been reported to be favorable in 

follow-up studies, with 80% of patients reporting improve-

ment and 60% becoming functionally normal.3

 Onset of POTS occurs predominantly between the ages 

of 15 and 50 years,4 with a female predominance.1,2,5-7 The 

female-to-male ratio has been reported to be as high as 

5:1.8 Given the female predominance and the occurrence 

of POTS during the childbearing years, the effects of this 

disorder on pregnancy is often raised in clinical practice. 

ObjECTIvES: To compare the clinical presentation, autonomic 

dysfunction, and pregnancy outcomes in parous and nulliparous 

women with postural tachycardia syndrome (POTS) and in women 

with POTS before and after pregnancy.

PATIENTS AND METHODS: This study consists of women who 

had at least 1 pregnancy during which time they met criteria for 

POTS between May 1993 and July 2009. All patients underwent 

standard autonomic testing. POTS was defined as a heart rate 

(HR) increase of greater than 30 beats/min on head-up tilt (HUT) 

with symptoms of orthostatic intolerance. Patients’ charts were 

reviewed retrospectively to determine pregnancy outcomes.

RESULTS: Clinical characteristics related to POTS did not differ 

between parous and nulliparous women except for disease dura-

tion (parous, 3.7±2.6; nulliparous, 2.1±2.2; P<.001).  Autonomic 

dysfunction did not differ between groups (change in HR on HUT: 

parous, 42.6±12.0 beats/min; nulliparous, 41.3±10.6 beats/min; 

P=.39).  Of 116 total pregnancies, adverse pregnancy outcomes 

were reported in 9% and maternal complications in 1%.  No  com-

plication was related to POTS. There was a trend toward modest 

improvement in autonomic dysfunction before and after pregnancy 

(change in HR on HUT: before pregnancy, 38.1±22.7 beats/min; 

after pregnancy, 21.9±14.9 beats/min; P=.07). 

CONCLUSION: The long-term impact of pregnancy on POTS does 

not appear to be clinically important.  However, there does appear 

to be a trend toward improvement in the short-term postpartum 

period. Adverse pregnancy events were similar to those seen in 

the general public and do not present a barrier to women with 

POTS who want to have children.

Mayo Clin Proc. 2010;85(7):639-644

CASS = composite autonomic severity score; HR = heart rate; HUT = 

head-up tilt; OI = orthostatic intolerance; POTS = postural tachycardia 

syndrome; TST = thermoregulatory sweat test

However, until recently published data have been minimal. 

A recent study in 22 women indicated that, although the 

effect on symptoms related to POTS during pregnancy var-

ied, the actual pregnancy was not affected.9

 The objectives of this study were as follows: (1) to de-

termine whether differences exist in clinical presentation, 

autonomic dysfunction, and/or laboratory parameters be-

tween parous and nulliparous women who meet the crite-

ria for the diagnosis of POTS; (2) to describe pregnancy 

outcomes in women diagnosed with POTS; (3) to deter-

mine whether there are differences in autonomic function 

testing results and orthostatic intolerance (OI) before and 

after pregnancy in women diagnosed with POTS; and (4) to 

describe changes with regard to OI that occurs during the 

course of pregnancy.

PATIENTS AND METHODS

Participants included a consecutive series of women seen at 

the Autonomic Disorders Center at Mayo Clinic in Roch-

ester, MN, who have a diagnosis of POTS and had at least 

1 pregnancy during the course of this disorder. POTS was 

deined as a heart rate increase of 30 beats/min on head-

up tilt (HUT) and associated symptoms of OI. For inclu-

sion, all 4 predetermined criteria were fulilled: (1) onset of 

POTS between the ages of 16 and 50 years; (2) orthostatic 

HR increment of 30 beats/min within 5 minutes of HUT; 

(3) symptoms of OI;  and (4) at least 1 pregnancy during 

the course of POTS (parous women only). Patients who de-

veloped POTS remote to a prior pregnancy were excluded. 

In comparing prepregnancy with postpregnancy autonomic 

function, women were required to have a prepregnancy au-

tonomic evaluation (including standard autonomic testing) 
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and to have met all the aforementioned criteria. In addition, 

these women were required to have a second autonomic 

evaluation (including standard autonomic testing) within a 

maximum of 3 years after giving birth.

 Patients were excluded if there was another cause of 

autonomic failure. In addition, patients who had failure of 

other organ systems or systemic illness that could affect 

autonomic function or their ability to cooperate during test-

ing were excluded. These included dementia, pheochro-

mocytoma, heart failure, hypertension, renal or hepatic 

disease, severe anemia, alcoholism, malignant neoplasms, 

hypothyroidism, sympathectomy, or strokes. Patients tak-

ing medications such as anticholinergic, a-adrenergic, and 

b-adrenergic antagonists that could not be withheld before 

autonomic testing were excluded.

PREGNANCY MEASURES

Pregnancy outcome measures included (when available) a 

complete pregnancy history and a descriptive history of all 

pregnancies before and during the course of POTS. Data 

included the following: complications during pregnancy 

and postpartum (maternal and fetal); whether complica-

tions were related to the diagnosis of POTS; birth weight; 

gestational age; Apgar scores (1 and 5 minutes); health of 

newborn; and changes in OI related to POTS prepregnancy 

and postpregnancy as well as per trimester.

AUTONOMIC TESTING

Standardized autonomic testing was performed as previ-

ously described.10,11 Medications known to interfere with 

autonomic testing, including anticholinergic, a-adrenergic 

and b-adrenergic antagonists, were withheld before evalua-

tion. The quantitative sudomotor axon relex test evaluates 

the postganglionic sympathetic sudomotor axon. The re-

sulting sweat response was recorded routinely from 4 sites 

(forearm, proximal leg, distal leg, and foot). Results were 

compared to normative data derived from studies of 223 

healthy people aged 10 to 83 years.12 Cardiovagal func-

tion was assessed using HR response to deep breathing and 

Valsalva ratio. Results were compared to normative data 

derived from 157 healthy people aged 10 to 83 years.12 Car-

diovascular adrenergic function was evaluated by measur-

ing blood pressure and HR responses to Valsalva maneuver 

and HUT.10,11 The thermoregulatory sweat test (TST) was 

performed as previously described13; it provides a quantita-

tive measure of total body sweating. The percentage of an-

hidrosis on the anterior body surface was calculated from 

the distribution of total body sweating (100% indicates 

complete anhidrosis). Serum norepinephrine levels (supine 

and standing), 24 hour urine volume, and 24 hour urine 

sodium levels were obtained as per standard clinical labo-

ratory protocols (Mayo Clinic, Rochester, MN).

COMPOSITE AUTONOMIC SEVERITY SCORE

The composite autonomic severity score (CASS) is derived 

from the autonomic relex screen as previously described.14 

CASS provides a measure of the severity and distribution 

of autonomic failure and has been previously validated to 

quantify autonomic dysfunction on standard autonomic 

testing.15 The 11-point CASS is divided into 3 subscores: 

sudomotor (0-3), cardiovagal (0-3), and adrenergic (0-4). 

Each score is normalized for the confounding variables of 

age and sex.12

OI SCALE

The OI Scale is 5-point scale, with 0 being normal and 4 

the most severe. The scale was developed to describe the 

severity of clinical symptoms and the effect on activities of 

daily living related to OI. This scale has been previously 

described and validated.16

STATISTICAL ANALYSES

Descriptive statistics are presented as mean ± SD. Data 

(nonparametric) comparing nulliparous vs parous women 

were analyzed using the Mann-Whitney test. Data (para-

metric) comparing women with POTS before and after 

pregnancy were analyzed using the paired t test. Repeat-

ed measures of analysis of variance were used to detect 

differences in parametric data for one continuous vari-

able (OI) at multiple times (prepregnancy; irst, second, 

and third trimesters; and postpregnancy). All tests were 

2-tailed; P<.05 was considered statistically signiicant. 

All statistical analyses were performed using SPSS sta-

tistical software, version 15 for Windows (SPSS Inc, Chi-

cago, IL).

RESULTS

PAROUS VS NULLIPAROUS WOMEN WITH POTS

Age (parous, 33.6±8.4 years; nulliparous, 29.6±10.1 

years; P=.01 [n=51]) and disease duration (parous, 

3.7±2.6 years; nulliparous, 2.1±2.2 years; P<.001 

[n=61]) differed signiicantly between parous and nul-

liparous women. The frequency of a more rapid onset (<3 

month to peak onset) was higher in nulliparous vs parous 

women (parous, 86%; nulliparous, 54%). However, the 

rate of clinical symptoms, disease course, and preceding 

illness did not differ between groups by more than 10% 

(Table 1). Autonomic dysfunction did not differ between 

groups,  including CASS (totals and all subdomains) and 

percentage of anhidrosis on TST (Table 2). Indices of  

HR did not differ signiicantly between parous and nulli-

parous women on HUT (change in HR: parous, 42.6±12.0 

beats/min; nulliparous, 41.3±10.6 beats/min; P=.39;  

Figure 1).
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 Adverse pregnancy outcomes were reported in 10 (9%) 

of 116 total pregnancies. Of these adverse outcomes, 8 

(7%) were a result of miscarriage at less than 25 weeks 

(Table 3). Maternal complications were reported in 1 

(1%) of 116 total pregnancies. No fetal or maternal com-

plications could be directly contributed to the underlying 

diagnosis of POTS. All adverse outcomes are described in 

Table 3.

COMPARISON OF AUTONOMIC DYSFUNCTION  

BEFORE AND AFTER PREGNANCY 

There was no signiicant difference between autonomic 

dysfunction before and after pregnancy as measured by 

standard autonomic testing and by standard measures 

of OI (Figure 2). However, there appeared to be a slight 

trend toward modest improvement in autonomic dysfunc-

tion in women studied before and after pregnancy (Figure 

2). Similarly, HR change after HUT was not signiicantly 

different but showed the same trend (change in HR on 

HUT: prepregnancy, 38.1±22.7 beats/min; postpregnancy, 

21.9±14.9 beats/min; P=.07 [n=10]).

OI PER TRIMESTER OF PREGNANCY

POTS symptoms as measured by the OI scale did not dif-

fer statistically during any of the 3 trimesters (F=1.564; 

P=.20; [n=5]). However, the general trend observed was 

worsening of OI in the irst trimester and improvement in 

the second and third trimesters (Figure 3). Interestingly, 

this trend also indicated worsening of POTS symptoms in 

the irst trimester compared to prepregnancy.

T A B L E  1. Clinical Characteristics of Study Patientsa

  Parous  Nulliparous
  (n=51) (n=61)

Age (y), mean ± SDb 33.6±8.4 29.6±10.1
Disease duration (y), mean ± SDb 3.7±2.6 2.1±2.2
Medical history of OI 31  28 
Family history of OI   4    10 
Disease onset  
 Acute (<1 mo) 35  43 
 Subacute (1-3 mo) 19 43 
 Gradual (>3 mo) 46  14
 Viral, gastrointestinal   2    2 
 Viral, URI 12    3 
 Viral, unspeciied 14  15 
 Postoperative   2    5 
 None 70  75 
Disease course  
 Static 84  88 
 Progressive   8    0
 Improved   4    6 
 Relapsing-remitting   2    5 
 Unknown   2   0 
Clinical symptoms  
 Light-headedness 84 72 
 Weakness 39  55 
 Presyncope/syncope 69  61 
 Palpitations 77  72 
 Chest pain 29 20 
 Heat intolerance 53  52 
 Exercise intolerance 51  49 
 Fatigue 55  45
 Migraine 24  26 

a Data are expressed as percentages, unless indicated otherwise. OI = 
orthostatic intolerance; URI = upper respiratory tract infection.

b Parous and nulliparous groups signiicantly differed for age (P=.01) and 
disease duration (P=.001).

TAbLE 2. Autonomic Function Tests and Laboratory Data for 

Study Patientsa,b

  Parous Nulliparous

CASS  n=51 n=61
 Sudomotor   0.80±0.94   0.82±0.87
 Cardiovagal   0.12±0.43   0.09±0.28
 Adrenergic   0.98±0.76   1.28±0.66
 Total   1.90±1.45   2.13±1.09

Thermoregulatory sweat test n=27 n=37
 % Anhidrosis    9.8±21.4     9.4±17.9

Serum norepinephrine (pg/mL) n=40 n=35
 Supine   281.4±154.6   244.9±183.9
 Standing   562.5±273.6   493.9±258.6
 Change (standing – supine)   287.6±175.3   245.8±167.2

24-h urine studies n=41 n=40
 Volume (mL) 1802.0±810.6 1574.0±869.5
 Na2+ (nmol/24 h)  139.1±73.8c 125.2±66.6

a Data expressed as mean ± SD, unless indicated otherwise. CASS = com-
posite autonomic severity score.

b No signiicant differences were noted between parous and nulliparous 
groups for any of the autonomic or laboratory tests listed (Mann-Whit-
ney test at P<.05).

c A single patient in the parous group did not have a urine sodium level 
obtained (n=40).

FIgURE 1. Heart rate changes in response to head-up tilt in parous 

vs nulliparous women. No signiicant difference in supine or stand-

ing (at 5 minutes) heart rate was noted between parous and nul-

liparous women (Mann-Whitney test, P=.57; P=.94, respectively). 

Heart rate increment on head-up tilt (standing – supine) also did 

not differ signiicantly (Mann-Whitney test, P=.39). Error bars show 

mean ± SD.
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DISCUSSION

Our results answer 4 important questions regarding the 

association between pregnancy and POTS. First, no clini-

cally important differences were noted between parous 

and nulliparous women in clinical presentation, auto-

nomic testing, or laboratory evaluation. Second, the ad-

verse event rate for mother and child during pregnancy 

in patients with POTS was similar to that seen in the gen-

eral public. Third, autonomic evaluation showed a trend 

toward improvement but was not signiicant when com-

paring data before and after pregnancy. Finally, a nonsig-

niicant trend toward improvement in OI was noted in the 

second and third trimesters.

 Our study has 2 major limitations. The irst is the lack 

of data for method of delivery and is related to the dif-

iculties encountered in retrospective studies. Data on 

method of delivery (ie, spontaneous vaginal delivery, ce-

sarean section) were not captured in most available rec-

ords. Therefore, a reliable estimation of frequency per 

birth for a particular method of delivery was not possible. 

This was confounded because, when an adverse event oc-

curred, data were consistently present. This would have 

likely led to a possible association between cesarean sec-

tion and adverse outcomes, which would be misleading. 

Of note, one of the women in the parous group opted for 

a planned cesarean section solely on the basis of her prior 

POTS diagnosis. Ultimately, the question of method of 

delivery is important and will likely require future pro-

spective studies to provide an answer.

TAbLE 3. Pregnancy Outcomes in Women With POTSa

Total of pregnant women    51
Total No. of pregnancies 116 
No. of pregnancies per woman  
 1 18 (35) 
 2 13 (25) 
 3 11 (22) 
 >3   9 (18) 
Birth weight (g) (n=10) 2995.0±834.5
Gestational age at birth (wk) (n=13) 37.1±3.0 
Apgar scores (n=10) 
 At 1 min 8.2±0.8
 At 5 min 9.2±0.4

  Per total Per total
  pregnancies women
  (n=116) (n=51)
Adverse pregnancy outcomes  
 Total fetal complications   10 (9)     7 (14)
 Miscarriagesb     8 (7)     5 (10)
 Otherc     2 (2)   2 (4)
 Maternal complicationsd     1 (1)   1 (2)
 POTS-related     0 (0)   0 (0)

a Data are No. (percentage) or mean ± SD. POTS = postural tachycardia 
syndrome.

b All <25 wk; same mother for 3 cases and another mother for 2 cases.
c Placental abruption with malpresentation, cesarean section at 31 6/7 wk, 

normal development of neonate; placenta previa associated with miscar-
riage (<18 wk).

d Hysterectomy post–cesarean section after placental abruption with mal-
presentation.

FIgURE 2. Autonomic dysfunction, heart rate changes, and ortho-

static intolerance (OI) prepregnancy and postpregnancy. Compos-

ite autonomic severity scores (CASS), including sudomotor sub-

scores, adrenergic subscores, and totals, did not differ signiicantly 

prepregnancy and postpregnancy (paired t test, P=.48; P=.59; 

P=.81, respectively [n=9]). There was no signiicant difference 

in supine heart rate, standing heart rate (at 5 minutes), or heart 

rate increment on head-up tilt pre- and postpartum (paired t test, 

P=.29; P=.06; P=.07; respectively [n=10]). In addition, OI (as per 

the OI scale, see Patients and Methods section) did not differ sig-

niicantly between groups (paired t test, P=.51 [n=10]). Error bars 

show mean ± SD. 
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 The second limitation is the lack of standardized data 

on clinical autonomic testing and symptom proiles dur-

ing pregnancy. Standard autonomic testing is noninva-

sive, safe, and performed on pregnant women (with the 

exception of the TST) at our center (Autonomic Disorders 

Center, Mayo Clinic) when clinically necessary. Howev-

er, standardized control values do not exist for pregnant 

women.10,12 Therefore, our data cannot be compared to 

those of pregnant women who do not have POTS.

 Interestly, a signiicant difference in age (33.6 vs 29.6 

years) and disease duration (3.7 vs 2.1 years) was noted 

between parous and nulliparous women, respectively. The 

age of parous women was higher than that previously re-

ported at 30.2 years, but disease duration was similar to 

that previously reported at 4.1 years.2 However, approxi-

mately 20% of the patients in the study by Thieben et al2 

were male. The difference in age most likely relects the 

fact that pregnancy increases in frequency with age, and 

it  could be argued that this is an expected result given the 

study design. However, the statistically signiicant differ-

ences we report in age and disease duration are highly un-

likely to have any clinical importance in regard to either 

treatment or prognosis, particularly because the clinical 

characteristics and autonomic study results did not differ 

between groups.

 The adverse events reported during pregnancy in our 

POTS cohort (total fetal complications, 9%; miscarriages, 

7%) are similar to previously reported miscarriage rates 

of approximately 8% in the general public.17 Of the other 

2 fetal complications, 1 was placenta previa with subse-

quent miscarriage, which would have only increased the 

frequency of miscarriage in our study to 8%, still com-

parable to rates in the general population and to that 

previously published in patients with POTS.9 The other 

complication was placental abruption and malpresenta-

tion, resulting in a healthy newborn but an obligatory 

hysterectomy for the mother (the only known maternal 

complication). We were surprised that maternal compli-

cations were minimal. Our prior clinical impression was 

that some of these women would have dificulty with OI 

during delivery and immediately postpartum. Even more 

conservative measures, such as intravenous luid rehydra-

tion, for treating POTS-related symptoms were not found 

in the available clinical records. This may be related to 

our data showing a trend toward improvement in several 

autonomic parameters in the later trimesters and in the 

short-term postpartum period.

 Changes in the cardiovascular system of pregnant 

women are substantial, reaching a maximum in the mid-

dle of the second trimester and continuing through the 

third trimester. These result in decreased systemic vas-

cular resistance, increased cardiac output, and a large in-

crease in plasma and blood volume.18 Blood and plasma 

volume can increase as much as 40% and 45% to 55%, 

respectively, compared with prepregnancy levels.19 These 

changes may underlie the trend we observed toward im-

provement in OI during the second and third trimesters. 

This would be comparable to the mainstays of conserva-

tive treatment of POTS (increased luid and salt intake) 

aimed at increasing plasma volume and resulting in clini-

cal improvement.20

CONCLUSION

To our knowledge, this is the irst systematic study of the 

association between POTS and pregnancy. The long-term 

impact of pregnancy on POTS does not appear to be clini-

cally important, and the diagnosis of POTS does not pre-

sent an increased risk for women during pregnancy and 

childbirth. To arrive at these conclusions, we used stan-

dard clinical instruments, such as the OI scale, that are 

practical, quick, and valid measures easily incorporated 

into routine clinical practice.16 The standard autonomic 

testing used in this study, speciically HUT, is commer-

cially available and provides the criterion standard for 

which POTS is diagnosed.1-3 As such, our analysis of 

POTS during pregnancy is readily applicable to clinical 

practice. Our hope is that the data provided in this study 

will help clinicians make decisions in the management of 

pregnant women with POTS or those thinking of becom-

ing pregnant who have POTS.

FI G URE 3. Orthostatic intolerance (OI) improved in the later stages 

of pregnancy. A nonsigniicant trend toward a worsening of OI (as 

per the OI scale, see Patients and Methods section) was noted in 

the irst trimester with subsequent improvement in the second and 

third trimesters (F=1.564; P=.20 [n=5]). Error bars show mean ± 

SD.
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