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Abstract
Introduction Orthostatic intolerance (OI) is a group of disorders characterized by symptoms that occur upon standing and 
resolve with recumbence. Although well established but not widely recognized, these diagnoses may create uncertainty for 
clinicians dealing with a patient affected by OI and requiring a surgical procedure.
Objectives To determine the rate of intra- and postoperative major adverse events in patients with OI undergoing surgery 
with general anesthesia.
Methods The study was a retrospective study of patients with orthostatic intolerance who underwent surgery requiring 
general anesthesia from 1 January 2000 to 31 December 2018.
Results A total 171 patients with OI underwent 190 surgeries. In patients with POTS and orthostatic-induced VVS, there 
were no major significant adverse events. There was one episode of AVNRT in a patient with POTS and one episode of 
bradycardia secondary to vasovagal reflex in a patient with orthostatic-induced VVS. Moreover, there were 13 (6.8%) epi-
sodes of postoperative hypotension. However, the majority of these episodes were related to bleeding, volume depletion 
or sepsis. All cases of hypotension responded well to appropriate therapy. In patients with OH, the rate of postoperative 
major adverse cardiac events was 4.7%, and the 30-day mortality rate was 6.1%. This is not significantly different from the 
calculated risk for patients without OH. There were no myocardial infarctions or deaths at 30 days in patients with POTS 
or orthostatic-induced VVS.
Conclusion Patients with OI may not experience higher rates of perioperative complications compared with patients without 
OI syndromes.
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Introduction

Orthostatic intolerance (OI) is a group of disorders charac-
terized by symptoms of lightheadedness, headache, fatigue 
and blurry vision that occurs upon standing and resolves 
with recumbence. Symptoms result from low effective 
circulating blood volume in the central vasculature. OI is 
further subdivided into three main categories: orthostatic 
hypotension (OH), postural tachycardia syndrome (POTS) 
and orthostatic-induced vasovagal syncope (VVS) [1, 2]. 
OH is evoked by insufficient compensatory mechanisms that 
normally prevent blood pressure (BP) falls in the standing 
position: impaired peripheral vasoconstriction, inadequate 
chronotropic response and reduction in venous return. Fall 
in BP may be due to structural or functional sympathetic 
denervation or an impaired baroreflex response due to 
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malfunction of effector organs, the heart and vessels [3]. 
POTS, characterized by an abnormal increase in heart rate 
on standing and symptoms of orthostatic intolerance, has 
been associated with autonomic dysregulation and denerva-
tion, hyperadrenergic state and autoimmune disorders but 
the etiology is not yet established [4]. Finally, orthostatic-
induced VVS is more episodic and believed to be caused by 
abnormally activated autonomic cardiovascular reflexes on 
standing resulting in sudden onset vasodilation, hypotension 
and/or bradycardia [5].

Patients with OH have higher risk of coronary artery dis-
ease, heart failure, stroke and death [6]. The mechanistic 
pathophysiology of this association is multifactorial. Higher 
blood pressure variability and supine hypertension may lead 
to end organ damage. Furthermore, abnormal autonomic 
tone is associated with higher incidence of atrial fibrillation 
[7], which is associated with stroke and heart failure. Finally, 
neuroendocrine compensatory mechanisms are upregulated 
in patients with OI [8]. In contrast, CV prognosis related 
to POTS is not well studied, while VVS is believed to be 
benign in relation to CV risk [5]. Although well established 
but not widely recognized, OI may create uncertainty for 
clinicians dealing with a patient affected by OI and requiring 
a surgical procedure.

The implications of anesthesia and outcomes of sur-
gery for patients with OI have been reported in single-case 
descriptions and small case series [9–11]. According to these 
reports, a higher incidence of intraoperative hypotension 
requiring volume expansion and vasopressor support may be 
expected. However, these results are of limited generalizabil-
ity due to the small sample size. Moreover, uncomplicated 
cases are less likely to be published. Therefore, more data 
are needed to determine the safety of general anesthesia and 
surgery in patients with OI.

In this article, we sought to determine the following: the 
rate of intra- and postoperative events, postoperative myo-
cardial infarction, cardiac arrest and 30-day mortality in 
patients with OI undergoing surgery with general anesthesia.

Methods

The study was approved by the institutional review board 
at Penn State University, who waived the need for informed 
consent since the study was retrospective and there was no 
direct contact with the study subjects.

Definitions of variables and data collection

We screened patients with OI without identifiable reversible 
cause who underwent non-cardiac surgery requiring general 
anesthesia at Penn State Milton S. Hershey Medical Center, 
Hershey, PA, from 1 January 2000 to 31 December 2018 

(Fig. 1). Patients’ charts were assessed by two reviewers 
(CS and MR) who confirmed the diagnosis of OI. Diagnos-
tic criteria of classical OH were met when systolic blood 
pressure dropped > 20 mmHg or diastolic blood pressure 
dropped > 10 mmHg within 3 min of standing [5]. Alterna-
tively, POTS was diagnosed when symptoms consistent with 
OI coincided with an increased heart rate [≥ 30 beats per 
minute (bpm), within 10 min of standing or during a head-up 
tilt table test (HUTT)], in the absence of OH [4, 12]. Finally, 
orthostatic-induced VVS was diagnosed based on the results 
of HUTT and divided into mixed, cardio-inhibitory or vaso-
depressor [13].

Detailed information about the anesthetic agents, intra- 
and postoperative complications and care was collected by 
reviewing operative notes, progress notes, discharge sum-
maries and in-hospital medication use. Sinus bradycardia 
and tachycardia were counted as a significant event if they 
were associated with symptoms or hemodynamic instability. 
Hypotension was considered a significant event if systolic 
blood pressure was < 90 mmHg or diastolic blood pressure 

Fig. 1  Flow diagram of included patients
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was < 60 mmHg on two separate readings at least 15 min 
apart or if the patient required intravenous fluids or vaso-
pressor support to maintain blood pressure > 90/60 mmHg.

For each patient, the predicted rate of 30-day major 
adverse cardiac events (MACEs), which include cardiac 
arrest or myocardial infarction, was calculated using the 
National Surgical Quality Improvement Program intraop-
erative/postoperative myocardial infarction or cardiac arrest 
(NSQIP MICA) score [14], and the predicted 30-day mor-
tality was calculated using the National Surgical Quality 
Improvement Program (NSQIP) score [15].

Statistical analysis

SPSS 21.0 software (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. Continuous variables were 
expressed as means ± standard deviation, if normally distrib-
uted. Nominal variables were reported as percentiles. Chi-
square test was used to calculate the odds ratio (OR) of the 
30-day MACE and mortality for the observed vs. predicted 
event rate. Statistical significance was considered when a 
two-tailed P value was < 0.05.

Results

A total of 171 patients previously diagnosed with OI syn-
dromes underwent 190 surgeries from 1 January 2000 to 
31 December 2018. OH was the most predominant condi-
tion and was present in 131 patients, POTS was present in 
28 patients, and orthostatic-induced VVS was present in 
12 patients. In patients with OH, primary neurologic dis-
orders, such as Parkinson’s disease, and multiple system 
atrophy were present in 26 (19.8%) patients. Secondary 
causes such as diabetes mellitus, autoimmune disorders and 
peripheral neuropathy were present in 83 (63.4%) patients, 
and the rest had idiopathic causes for the autonomic failure. 
Based on the modified symptom classification proposed by 

Ricci et al. [3] for patients with OH, 22 (16.8%) patients 
had class III or class IV, i.e., more severe symptoms, while 
78 (59.5%) had class II symptoms and 31 (23.7%) had class 
I symptoms (Fig. 2). In patients with POTS, 5 (18%) had 
hypermobility syndrome, 1 (4%) had mast cell activation 
disorder, and 22 (79%) were idiopathic. The characteristics 
of the included patients are summarized in Table 1. Gener-
ally, patients with OH were older, mean age was 79 years 
for patients with OH compared with 31 year in patients with 
POTS and 42 in patients with orthostatic-induced VVS, and 
they had more comorbidities than patients with POTS or 
orthostatic-induced VVS. The majority (63.4%) of patients 
with OH were men. On the other hand, women represented 
the majority of patients with POTS and orthostatic-induced 
VVS, 92.9% and 66.7%, respectively. Most patients (56.8%) 
had an ASA physical Status classification of ≤ 2 and were 
totally independent (77.2%).

Table 2 summarizes the categories of surgical procedures 
performed during the study period. These categories were 
adopted from the National Surgical Quality Improvement 
Program intraoperative/postoperative myocardial infarction 
or cardiac arrest (NSQIP MICA) score [14]. The majority of 
surgeries performed were abdominal (33.2%) and orthopedic 
(26.8%). Anesthesia induction was performed using propo-
fol in 159 (83.7%), etomidate in 20 (10.5%), ketamine in 9 
(4.7%) and thiopental in 2 (1.1%) cases. Opioids, primarily 
fentanyl, were used at the time of induction in 178 (93.7%) 
cases. Maintenance anesthesia was volatile in 174 (91.6%) 
and total intravenous in 16 (8.4%) cases.

The intra- and postoperative events are summarized in 
Table 3 and Fig. 3. Hypotension occurred in 8 (4.2%) surger-
ies: 4 (2.7%) in patients with OH, 3 (10.7%) in patients with 
POTS and 1 (7.1%) in a patient with orthostatic-induced 
VVS. In all cases, hypotension responded to the adminis-
tration of vasoactive agents and/or fluids or blood as appro-
priate. Postoperative hypotension was present in 13 (6.8%) 
patients, and in all cases but 2 it was secondary to bleed-
ing, volume depletion or sepsis. There were no documented 

Fig. 2  Functional class in 
patients with orthostatic hypo-
tension
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episodes of bradyarrhythmia during the surgery. One patient 
with orthostatic-induced VVS had a transient bradyarrhyth-
mia after surgery that was secondary to a vasovagal episode. 
One patient with OH developed atrial fibrillation with rapid 
ventricular response during the surgery, and one patient with 
POTS developed atrioventricular nodal reentry tachycardia 
(AVNRT) during surgery that terminated with the admin-
istration of adenosine. In the postoperative course, seven 

(3.7%) patients with OH developed tachyarrhythmia (six 
had atrial fibrillation and one had atrial flutter). There were 
no episodes of tachyarrhythmia in the postoperative course 
in patients with POTS or patients with orthostatic-induced 
VVS. Cardiac arrest occurred in two patients with OH, one 
intraoperatively because of ventricular tachycardia and one 
postoperatively because of massive pulmonary embolism. 
There were five cases of postoperative myocardial infarction 

Table 1  Characteristics of 
patients

All patients (N = 171) OH (N = 131) POTS (N = 28) Orthos-
tatic VVS 
(N = 12)

Age (years) (mean ± SD) 68 ± 29 79 ± 7 31 ± 12 44 ± 18
Female gender (%) 82 (48.0%) 48 (36.6%) 26 (92.9%) 8 (66.7%)
Ethnicity
 While (%) 155 (90.6%) 121 (92.4%) 25 (89.3%) 9 (75.0%)
 Black (%) 8 (4.7%) 4 (3.1%) 3 (10.7%) 1 (8.3%)
 Others (%) 6 (4.7%) 6 (4.6%) 0 (0.0%) 2 (16.7%)

Coronary artery disease (%) 76 (44.4%) 73 (55.7%) 1 (3.6%) 2 (16.7%)
Congestive heart failure (%) 60 (35.1%) 60 (45.8%) 0 (0.0%) 0 (0.0%)
Cerebrovascular disease (%) 31 (24%) 41 (31.3%) 0 (0.0%) 0 (0.0%)
Insulin dependent diabetes (%) 36 (21.1%) 35 (26.7%) 1 (3.6%) 0 (0.0%)
Creatinine > 2 mg/dl (%) 34 (19.9%) 33 (25.2%) 0 (0.0%) 1 (8.3%)
ASA physical status class > 2 (%) 74 (43.2%) 74 (56.5%) 0 (0.0%) 0 (0.0%)
Functional class
 Totally independent 132 (77.2%) 92 (70.0%) 28 (100%) 12 (100%)
 Partially dependent 35 (20.5%) 35 (26.7%) 0 (0.0%) 0 (0.0%)
 Totally dependent 4 (2.3%) 4 (3.1%) 0 (0.0%) 0 (0.0%)

Table 2  Categories of surgeries 
(N = number of surgeries)

Surgeries in all 
patients (N = 190)

OH (N = 148) POTS (N = 28) Orthos-
tatic VVS 
(N = 14)

Foregut 12 (6.3%) 12 (8.1%) 0 (0.0%) 0 (0.0%)
Intestinal 7 (3.7%) 6 (4.1%) 1 (3.6%) 0 (0.0%)
Anorectal 14 (7.4%) 12 (8.1%) 1 (3.6%) 1 (7.1%)
Hernia 16 (8.4%) 14 (9.5%) 2 (7.1%) 0 (0.0%)
Gallbladder, appendix, adre-

nal or spleen
13 (6.8%) 11 (7.4%) 0 (0.0%) 2 (14.3%)

Other abdominal 1 (0.5%) 1 (0.7%) 0 (0.0%) 0 (0.0%)
Vascular 6 (3.2%) 6 (4.1%) 0 (0.0%) 0 (0.0%)
Orthopedic 51(26.8%) 32 (21.6%) 14 (50.0%) 5 (35.7%)
ENT 8 (4.2%) 7 (4.7%) 1 (3.6%) 0 (0.0%)
Urologic 13 (6.8%) 9 (6.1%) 3 (10.7%) 1 (7.1%)
Thoracic (non-cardiac) 6 (3.2%) 6 (4.1%) 0 (0.0%) 0 (0.0%)
Brain 8 (4.2%) 8 (5.4%) 0 (0.0%) 0 (0.0%)
Spine 11 (5.8%) 10 (6.8%) 0 (0.0%) 1 (7.1%)
Neck (thyroid/parathyroid) 5 (2.6%) 4 (2.7%) 1 (3.6%) 0 (0.0%)
Breast 4 (2.1%) 3 (2.0%) 0 (0.0%) 1 (7.1%)
Obstetrics/gynecology 8 (4.2%) 1 (0.7%) 4 (14.3%) 3 (21.4%)
Skin 7 (3.7%) 6 (4.1%) 1 (3.6%) 0 (0.0%)
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in patients with OH and none in patients with POTS or 
orthostatic-induced VVS. In four patients, this was adju-
dicated to be type II myocardial infarction, i.e., not directly 
related to coronary thrombosis. At 30-day follow-up, there 
were 9 (4.7%) deaths, all in patients with OH. Postopera-
tive nausea and vomiting and postoperative hypothermia 
(temperature < 36 °C) were observed in 67 (35.3%) and 37 
(19.5%) cases, respectively.

In patients with OH, the difference in the predicted vs. 
observed 30-day MACE was not statistically significant, 

3.3% predicted vs. 4.7% observed (OR 1.4, 95% CI 
0.4–4.6, p = 0.5). Similarly, the observed 30-day mortal-
ity rate was not statistically significant compared with 
what was predicted using the NSQIP score, 6.1% vs. 7.2%, 
respectively (OR 0.8, 95% CI 0.3–2.0, p  = 0.6), Table 4.

Table 3  Intraoperative and 
30-day outcomes

Surgeries in all 
patients (N = 190)

OH (N = 148) POTS (N = 28) Orthos-
tatic VVS 
(N = 14)

Intraoperative complications
 Hypotension 8 (4.2%) 4 (2.7%) 3 (10.7%) 1 (7.1%)
 Bradyarrhythmia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
 Tachyarrhythmia 2 (1.1%) 1 (0.7%) 1 (3.6%) 0 (0.0%)
 Cardiac arrest 1 (0.5%) 1 (0.7%) 0 (0.0%) 0 (0.0%)

Postoperative complications
 Hypotension 13 (6.8%) 11 (7.4%) 2 (7.1%) 0 (0.0%)
 Bradyarrhythmia 5 (2.6%) 4 (2.7%) 0 (0.0%) 1 (7.1%)
 Tachyarrhythmia 7 (3.7%) 7 (4.7%) 0 (0.0%) 0 (0.0%)
 Cardiac arrest 1 (0.5%) 1 (0.7%) 0 (0.0%) 0 (0.0%)
 Myocardial infarction 5 (2.6%) 5 (3.4%) 0 (0.0%) 0 (0.0%)

  30-Day mortality 9 (4.7%) 9 (6.1%) 0 (0.0%) 0 (0.0%)

Fig. 3  Major adverse events

Table 4  Predicted vs. observed major adverse events at 30 days

* Predicted risk based on the NSQIP and  NSQIP MICA scores

OH POTS VVS

Predicted* Observed OR (95% CI) Predicted* Observed OR (95% CI) Predicted* Observed OR (95% CI)

30-Day cardiac arrest 
or myocardial infarc-
tion

3.3% 4.7% 1.4 (0.4–4.6) 0.0% 0.0% 1.0 (0.1–52.2) 0.0% 0.0% 1.0 (0.1–53.9)

30-Day mortality 7.2% 6.1% 0.8 (0.3–2.0) 0.0% 0.0% 1 (0.1–52.2) 0.0% 0.0% 1.0 (0.1–53.9)



 Clinical Autonomic Research

1 3

Discussion

In this study, we report perioperative outcomes from 190 
surgeries in 171 patients with OI. OH was present in 131 
patients, POTS was present in 28 patients, and orthos-
tatic-induced VVS was present in 12 patients. In patients 
with POTS and orthostatic-induced VVS, there were no 
major significant adverse events. There was one episode 
of AVNRT in a patient with POTS and one episode of 
bradycardia secondary to vasovagal reflex in a patient with 
orthostatic-induced VVS.

The rate of major adverse events in patients with OI 
was high: 4.7% for MACE and 6.1% for 30-day mortal-
ity. This group of patients was older, had a mean age of 
79 years and had multiple comorbidities, which explain the 
high event rate. However, the observed MACE and death 
rate in this group was not significantly different from the 
risk calculated for corresponding age, surgery type and 
comorbidities using commonly used calculators (Table 4) 
[14, 16].

This is the largest study to report the perioperative out-
comes in patients with OI. Previous reports were based 
on case reports or case series. The findings of this study 
support previous report by Rabbitts et al. [11], who found 
no significant adverse events in 13 patients with POTS 
undergoing elective surgery.

The findings that patients with OI do not experience 
a higher rate of perioperative major events or resistant 
hypotension compared with their counterparts without OI 
have important implications. First, these data will help 
physicians guide future discussions with patients with OI 
undergoing surgical procedures requiring general anes-
thesia. Furthermore, perioperative management should 
be guided by surgery, baseline comorbid conditions and 
the predicted risk of events based on the NSQIP MICA 
and NSQIP calculators, similar to patients without OI. 
Finally, intra- and postoperative monitoring should fol-
low the standard protocol as indicated for each surgery and 
should not be changed based on the diagnosis of OI alone.

Our study has several limitations. First, it was a retro-
spective study of a small number of patients, and all events 
were based on chart review. It is possible that minor events 
such as sinus tachycardia or vasovagal episodes were not 
documented. However, episodes of hypotension requiring 
treatment, major adverse cardiac events such as cardiac 
arrest or myocardial infarction are unlikely to be undocu-
mented. Second, physician’s awareness of the OI diagnosis 
might have led to more aggressive preoperative hydration, 
which could have led to the low rate of resistant hypoten-
sion. Third, it is possible that patients with more severe 
disease did not undergo surgery. Finally, this study does 
not provide a guide to the perioperative management of 

patients with OI but rather describes the rate of events in 
these patients. It is still reasonable to consider preopera-
tive volume substitution in these patients in the absence 
of heart and kidney failure, as recommended by the major 
guidelines for treatment of acute exacerbated OH or POTS 
[1, 5].

In conclusion, the rate of major adverse events in patients 
with OI undergoing surgery with general anesthesia may 
not be significantly higher than that of their counterparts 
without OI, and preoperative testing should be determined 
on a case-by-case basis.

Funding None.

Compliance with ethical standards 

Conflict of interest All authors declare that they have no conflict of 
interest.

References

 1. Sheldon RS, Grubb BP, Olshansky B, Shen W-K, Calkins H, 
Brignole M, Raj SR, Krahn AD, Morillo CA, Stewart JM, Sut-
ton R, Sandroni P, Friday KJ, Hachul DT, Cohen MI, Lau DH, 
Mayuga KA, Moak JP, Sandhu RK, Kanjwal K (2015) 2015 Heart 
Rhythm Society Expert consensus statement on the diagnosis and 
treatment of postural tachycardia syndrome, inappropriate sinus 
tachycardia, and vasovagal syncope. Heart Rhythm 12:e41–e63

 2. Fedorowski A, Melander O (2013) Syndromes of orthostatic intol-
erance: a hidden danger. J Intern Med 273:322–335

 3. Ricci F, De Caterina R, Fedorowski A (2015) Orthostatic hypoten-
sion: epidemiology, prognosis, and treatment. J Am Coll Cardiol 
66:848–860

 4. Fedorowski A (2019) Postural orthostatic tachycardia syndrome: 
clinical presentation, aetiology and management. J Intern Med 
285:352–366

 5. Brignole M, Moya A, de Lange FJ, Deharo J-C, Elliott PM, Fan-
ciulli A, Fedorowski A, Furlan R, Kenny RA, Martín A, Probst V, 
Reed MJ, Rice CP, Sutton R, Ungar A, van Dijk JG (2018) 2018 
ESC Guidelines for the diagnosis and management of syncope. 
Eur Heart J 39:1883–1948

 6. Ricci F, Fedorowski A, Radico F, Romanello M, Tatasciore A, 
Di Nicola M, Zimarino M, De Caterina R (2015) Cardiovascu-
lar morbidity and mortality related to orthostatic hypotension: a 
meta-analysis of prospective observational studies. Eur Heart J 
36:1609–1617

 7. Fedorowski A, Hedblad B, Engström G, Gustav Smith J, Mel-
ander O (2010) Orthostatic hypotension and long-term incidence 
of atrial fibrillation: the malmö preventive project. J Intern Med 
268:383–389

 8. Nilsson D, Sutton R, Tas W, Burri P, Melander O, Fedorowski A 
(2015) Orthostatic changes in hemodynamics and cardiovascular 
biomarkers in dysautonomic patients. PLoS ONE 10:e0128962

 9. Hutchinson RC (1986) Anaesthesia in idiopathic autonomic dys-
function. Anaesthesia 41:663–663

 10. Sweeney BP, Jones S, Langford RM (1985) Anaesthesia in dysau-
tonomia: further complications. Anaesthesia 40:783–786

 11. Rabbitts JA, Groenewald CB, Jacob AK, Low PA, Curry TB 
(2011) Postural orthostatic tachycardia syndrome and general 
anesthesia: a series of 13 cases. J Clin Anesth 23:384–392



Clinical Autonomic Research 

1 3

 12. Grubb BP (2008) Postural tachycardia syndrome. Circulation 
117:2814–2817

 13. Brignole M, Menozzi C, Del Rosso A, Costa S, Gaggioli G, Bot-
toni N, Bartoli P, Sutton R (2000) New classification of haemo-
dynamics of vasovagal syncope: beyond the VASIS classification. 
Analysis of the pre-syncopal phase of the tilt test without and with 
nitroglycerin challenge. Vasovagal Syncope International Study. 
Europace 2:66–76

 14. Gupta PK, Gupta H, Sundaram A, Kaushik M, Fang X, Miller WJ, 
Esterbrooks DJ, Hunter CB, Pipinos II, Johanning JM, Lynch TG, 
Forse RA, Mohiuddin SM, Mooss AN (2011) Development and 

validation of a risk calculator for prediction of cardiac risk after 
surgery. Circulation 124:381–387

 15. Cohen ME, Bilimoria KY, Ko CY, Hall BL (2009) Development 
of an American College of Surgeons National Surgery Quality 
Improvement Program: morbidity and mortality risk calculator 
for colorectal surgery. J Am Coll Surg 208:1009–1016

 16. Bilimoria KY, Liu Y, Paruch JL, Zhou L, Kmiecik TE, Ko CY, 
Cohen ME (2013) Development and evaluation of the universal 
ACS NSQIP surgical risk calculator: a decision aid and informed 
consent tool for patients and surgeons. J Am Coll Surg 217:833–
42.e423


	Risks of adverse events in patients with orthostatic intolerance undergoing surgery with general anesthesia
	Abstract
	Introduction 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Definitions of variables and data collection
	Statistical analysis

	Results
	Discussion
	References




