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Abstract: Background: As complaints of long-haul COVID patients are similar to those of ME/CFS
patients and as orthostatic intolerance (OI) plays an important role in the COVID infection symp-
tomatology, we compared 14 long-haul COVID patients with 14 ME/CFS patients with a post-viral
Ebstein-Barr (EBV) onset and 14 ME/CFS patients with an insidious onset of the disease. Methods:
In all patients, OI analysis by history taking and OI assessed during a tilt test, as well as cerebral
blood flow measurements by extracranial Doppler, and cardiac index measurements by suprasternal
Doppler during the tilt test were obtained in all patients. Results: Except for disease duration no
differences were found in clinical characteristics. The prevalence of POTS was higher in the long-
haul patients (100%) than in post-EBV (43%) and in insidious-onset (50%) patients (p = 0.0002). No
differences between the three groups were present in the prevalence of OI, heart rate and blood
pressure changes, changes in cerebral blood flow or in cardiac index during the tilt test. Conclusion:
OI symptomatology and objective abnormalities of OI (abnormal cerebral blood flow and cardiac
index reduction during tilt testing) are comparable to those in ME/CFS patients. It indicates that
long-haul COVID is essentially the same disease as ME/CFS.

Keywords: orthostatic intolerance; long-haul COVID; myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS); tilt testing; cerebral blood flow; post-viral; insidious

1. Introduction

Early in the onset of the SARS-CoV-2 pandemic, it was recognized that complaints
persisted in a minority of patients. The presentation of the acute symptoms in people
affected with the respiratory virus SARS-CoV-2 (COVID-19) varies greatly [1]. Some people
remain asymptomatic, while others have symptoms such as other respiratory viral diseases
such as fever, cough, shortness of breath, headache, and a sore throat. Gastrointestinal
complaints, complaints of the liver, rheumatological complaints or neurological complaints
have also been reported [2–4].

In contrast, the set of complaints in the group of patients with persisting complaints is
respiratory symptoms, neurological symptoms, fatigue, pain, mental dysfunction, cardio-
vascular dysfunction, post-exertion symptoms, and cognitive dysfunction. Furthermore,
the early onset of orthostatic intolerance symptoms has been described [5–7]. The name
of this set of persisting complaints has not yet been clearly defined and is called “long”
COVID, long-haul COVID, chronic COVID, post-COVID syndrome and even post-acute
sequelae of a SARS-CoV-2 infection (PASC) [1,7]. In this study, we use the term “long-haul”
COVID. Despite a vast number of studies, the time interval between the onset of the in-
fection and the adjudication of patients to the long-haul COVID group is not established.
Intervals vary between 4 weeks and 3 months according to the WHO, CDC, NICE, and
AWMF [7]. Interestingly, there does not seem to be a relationship with the severity of the
SARS-CoV-2 infection [8].
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The symptom characteristics of long-haul COVID resemble those of myalgic en-
cephalomyelitis/chronic fatigue syndrome (ME/CFS) [1,9]. One of the overlapping symp-
toms is orthostatic intolerance [10]. Orthostatic intolerance is defined as a clinical syndrome
in which complaints increase while standing and are relieved by lying down [11]. The
orthostatic intolerance is a core criterion of ME/CFS [12]. Especially, the sub form: postural
orthostatic tachycardia syndrome (POTS) has been recognized in long-haul COVID [13].
We have quantified the underlying mechanism of orthostatic intolerance, being cerebral
hypoperfusion, in patients with ME/CFS using extracranial Doppler during a tilt table
test [14]. We showed that in ME/CFS patients cerebral blood flow decreased by 26%, while
in healthy volunteers this decrease was on average 7% [14].

In a previous study, we compared long-haul patients with POTS with a matched
ME/CFS control group with POTS, with ME/CFS patients with a normal heart rate and
blood pressure response during a tilt test and with healthy controls [15]. The prevalence of
symptom clusters and the objective signs of orthostatic intolerance (cerebral blood flow
reductions during a tilt test) were similar between long-haul COVID patients and the two
ME/CFS groups. As the onset of ME/CFS is regarded to be mainly triggered by an Ebstein-
Barr virus (EBV) [16,17]; in the present retrospective study, we compared 14 long-haul
COVID patients with 14 gender- and age-matched ME/CFS patients whose onset was
triggered by EBV. Furthermore, a significant subset of ME/CFS patients who have no
clear trigger for the start of the disease: an insidious onset [17]. To explore whether there
are differences between the acute, viral onset and the insidious onset, we also included
14 gender- and age-matched ME/CFS patients with an insidious onset of ME/CFS.

2. Materials and Methods
2.1. Patients

In the period from December 2020 to March 2022, 14 patients with long-haul COVID
complaints were investigated because of the suspicion of orthostatic intolerance and/or
dysautonomia complaints. In the first 11 patients, there was a clinical suspicion of a SARS-
CoV-2 infection, in the last 3 patients the diagnosis was confirmed by a serological test. At
the beginning of 2020 (from February to June 2020), serological tests were not conducted or
discouraged due to poor availability. The patients without a positive test were included
in the study if the clinical diagnosis was made by a pulmonologist, internist, general
practitioner or by the public health service. The patients with long-haul COIVD where
the disease started before the summer of 2021 were not vaccinated for COVID-19. The 2
patients who contracted the disease after vaccinations started, had been vaccinated fully. All
long-haul COVID patients were not hospitalized or treated with oxygen during the acute
illness. All patients classified the acute illness as a more or less flu-like disease. All long-
haul COVID patients were healthy active subjects without co-morbid diseases. Patients
with clear organ damage due to COVID as pulmonary damage resulting from ARDS or
severe pneumonia, myocardial infarction or stroke did not visit our outpatient clinic. For
the present study 14 ME/CFS patients, age- and gender-matched, were included, where the
disease ME/CFS started with an EBV infection. This infection was clinically diagnosed by
the general practitioner, and in all cases confirmed by serological examination. Moreover,
also 14 ME/CFS patients were included with an insidious onset of the disease, to contrast
with the acute onset of the SARS-CoV-2 and the EBV infection. All patients of the three
groups underwent a tilt table test with cerebral blood flow measurements for quantification
of their orthostatic intolerance. The ME/CFS patients met both the criteria for ME [18] and
the criteria for CFS [19], taking the exclusion criteria for ME and CFS into account. In none
of the long-haul COVID and ME/CFS patients, there was any other explanation for the
symptoms. During the study, patients were not taking medication that could affect heart
rate and/or blood pressure. In the long-haul COVID group, one patient used salbutamol
occasionally but did not use it in the 2 months before the consultation, 2 patients were
on antidepressants and 2 different patients were on antihistamines. Two other patients
used vitamin supplements. Finally, prior to the tilt table examination, the orthostatic
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intolerance complaints in daily life were assessed. On basis of questions about complaints
of dizziness, lightheadedness, previous syncope, nausea, sweating, etc., and also on basis
of questions about triggers for the development of these complaints, such as standing in a
line, showering, etc., the diagnosis of orthostatic intolerance in daily life was made.

The study was conducted in accordance with the Helsinki Declaration. All patients
gave written permission for the use of their data. The use of clinical information was ap-
proved by the medical ethics committee of the Slotervaart Hospital in Amsterdam (P1736).

2.2. Determination of the Severity of the Disease Using the ME Criteria [18]

To classify the clinical severity of ME/CFS, the ME criteria were used. A mild form was
defined as an approximately 50% reduction from the pre-disease activity level, a moderate
form being mainly housebound and a more than a 50% reduction of the pre-disease activity
level. Patients with a severe form were mainly bed-bound. Very severe patients were not
included in the study, because they were not able to perform a tilt table test.

2.3. Tilt Test Protocol

The methodology used for the tilt table test was previously described [14,20]. In
short, all participants were examined in a supine position for 20 min before being tilted
to 70 degrees. The average duration of tilting was 10 min. Heart rate and blood pres-
sure were measured with finger plethysmography [21,22]. The changes in heart rate and
blood pressure were classified as described by Freeman et al. and Sheldon et al. [23,24].
The classification involved a normal heart rate and blood pressure response, orthostatic
hypotension (a decrease of more than 20 mmHg in systolic blood pressure or more than
30 mmHg in case of systolic blood pressure above 160 mmHg) [25], or a diastolic blood
pressure reduction of more than 10 mmHg. A sustained increase of at least 30 beats per
minute within 10 min of standing, without a significant decrease in blood pressure, was
defined as POTS. Syncope involved a temporary loss of consciousness and muscle tone
with spontaneous and complete recovery.

2.4. Doppler Echocardiography for Stroke Volume and Cardiac Index Measurements

Stroke volume and cardiac index were measured as described before [26]. Time-
velocity integral (VTI) images were obtained in a supine position and in the upright
position just before tilting back. The VTI of the aorta was measured by a continuous
wave Doppler pencil probe connected to a Vivid I ultrasound machine (GE, Hoevelaken,
The Netherlands), with the transducer positioned in the suprasternal notch. A maximal
Doppler signal was assumed to be a display of the optimal flow. At least 2 images of 6 s
were captured. Echo Doppler recordings were stored digitally. The VTI was measured
offline by manually tracing the VTI contour of at least 6 heartbeats using the GE EchoPac
post-processing software. This was carried out by one researcher (CMCvC). The stroke
volume index was calculated using the VTI of the aorta multiplied by the corrected valve
area as described earlier [27,28], and divided by the body surface (BSA; DuBois formula)
and expressed in mL/m2. The stroke volume index of the different heartbeats was averaged.
The cardiac index was calculated by multiplying the stroke volume index by the heart rate
and was expressed in L/min/m2.

2.5. Extracranial Doppler for Cerebral Blood Flow Measurements

Measurements were carried out as described earlier [14,20]. The internal carotid and
vertebral artery’s Doppler velocities were obtained by one operator (FCV). Frames were
recorded in the supine position and in the upright position just before tilting back. The
blood flow of the carotid and vertebral arteries was calculated offline by one researcher
(CMCvC) who was not familiar with the severity of the disease. Blood flow was calculated
for each vessel by multiplying the mean blood flow velocity with the blood vessel surface
and was expressed in ml/minute. Blood flow in the individual arteries was calculated in
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3–6 heartbeats and the results were averaged. The total cerebral blood flow was calculated
by adding the blood flow of the 4 arteries together.

2.6. End-Tidal pCO2 Measurements

Throughout the test, continuous end-tidal pCO2 measurements were obtained by the
Nonin Lifesense device (Nonin, Finland), connected with nasal prongs. Data were stored
digitally. The averaged PETCO2 data of the time interval of the Doppler measurements
were taken.

2.7. Orthostatic Intolerance Questionnaire during Tilting

The complaints that were asked for were dizziness or lightheadedness, fatigue, muscle
weakness, palpitations, shortness of breath, blurred vision, hearing differently, neck and/or
shoulder muscle pain, low back pain, pressure or chest pain, concentration problems,
sweating, headache, or pressure in the head, tingling and nausea. See for details of the
questionnaire the Appendix A.

2.8. Statistics

Data were analyzed using GraphPad Prism version 6.05 statistics program (Graphpad
software, La Jolla, CA, USA). All continuous data were tested for normal distribution with
the D’Agostino and Pearson omnibus normality test and were presented as mean and
standard deviation (SD) or as median with interquartile range (IQR) where appropriate.
Nominal data were compared with the Chi-square test (a 3 × 2 or 3 × 3 table). Groups
were compared using the Student’s t test for unpaired data. Between-group comparisons
were made by the one-way analysis of variance (ANOVA) or the Kruskal–Wallis test where
appropriate. When results were significant, they were further explored using the post-
hoc Tukey’s multiple comparison test or Dunn’s test where appropriate. For statistical
significance, we chose a conservative p-value of <0.01.

3. Results

Table 1 shows the clinical characteristics of long-haul COVID and ME/CFS patients.
The duration of the disease was significantly longer in both ME/CFS patients groups
compared to the long-haul COVID patients (p < 0.0001). The other clinical characteristics
were not different, including the division between a mild, moderate, and severe form of the
disease and the prevalence of orthostatic intolerance symptoms in daily life.

Table 1. Clinical characteristics of long-haul COVID patients (group 1), of ME/CFS patients with
Ebstein Barr virus as a trigger (group 2) and of ME/CFS patients with an insidious onset of the
disease (group 3).

Group 1 (n = 14) Group 2 (n = 14) Group 3 (n = 14) p-Value

Male/female * 2/12 (14/86%) 2/12 (14/86%) 2/12 (14/86%) 1.0

Age (years) 34 (10) 34 (10) 34 (10) F (2, 42) = 0.0006; p = 0.99

Height (cm) 175 (10) 174 (10) 175 (8) F (2, 42) = 0.11; p = 0.89

Weight (kg) 72 (15) 68 (17) 76 (23) F (2, 42) = 0.70; p = 0.50

BMI (kg/m2) 23.5 (4.8) 22.3 (4.5) 24.7 (6.4) F (2, 42) = 0.76; p = 0.47

BSA (m2) 1.87 (0.20) 1.81 (0.24) 1.90 (0.28) F (2, 42) = 0.52; p = 0.60

Disease duration
(years) # 1 (1–2) 16 (9–23) 11 (4–16)

X2(3) = 29.25; p < 0.0001.
Post-hoc tests: 1 vs. 2

p < 0.0001; 1 vs. 3 p = 0.0001
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Table 1. Cont.

Group 1 (n = 14) Group 2 (n = 14) Group 3 (n = 14) p-Value

Disease severity * &

(mild/moderate/severe)
0/11/3 (0/85/15%) 2/10/2 (14/82/14%) 2/7/5 (14/50/36%) 0.36

OI in daily life yes/no * 14/0 (0/100%) 14/0 (0/100%) 14/0 (0/100%) 1.0

p-values: Chi-square analysis (3 × 2 or 3 × 3 table) (*), ordinary one-way ANOVA or Kruskal–Wallis test (#)
where appropriate. BMI: body mass index; BSA: body surface area (formula duBois); POTS: postural orthostatic
tachycardia syndrome; normHRBP: normal heart rate and blood pressure response; OI: orthostatic intolerance; #
Median (IQR); &: severity grading according to the ME criteria [18].

Table 2 shows the hemodynamic results of the tilt table test. POTS was observed in
all 14 long-haul COVID patients, 6 patients had POTS and 8 patients showed a normal
heart rate and blood pressure pattern in the ME/CFS patients with the EBV trigger, and in
the ME/CFS group with an insidious onset 7 patients had POTS and 7 patients showed a
normal heart rate and blood pressure pattern (p = 0.002). Although more patients with POTS
were present in the long-haul COVID patients compared to both ME/CFS patients groups,
the heart rates during the upright phase of the tilt test were not significantly different. Blood
pressure, stroke volume index, cardiac index and cerebral blood flow supine and upright
were not different between long-haul COVID patients and both ME/CFS patient groups.

Table 2. Hemodynamic results of the tilt test of long-haul COVID patients (group 1), of ME/CFS
patients with Ebstein Barr virus as trigger (group 2) and of ME/CFS patients with an insidious onset
of the disease (group 3).

Group 1 (n = 14) Group 2 (n = 14) Group 3 (n = 14) p-Value

Hemodynamics:
(normHRBP/POTS) 0/14 (0/100%) 8/6 (57/43%) 7/7 (50/50%) 0.002

HR supine (bpm) 74 (14) 69 (11) 73 (8) F (2, 42) = 0.93; p = 0.40

HR end-tilt (bpm) 108 (13) 95 (20) 103 (20) F (2, 42) = 1.96; p = 0.15

SBP supine (mmHg) 131 (17) 133 (15) 133 (16) F (2, 42) = 0.059; p = 0.94

SBP end-tilt (mmHg) 127 (21) 126 (15) 127 (19) F (2, 42) = 0.04; p = 0.96

DBP supine (mmHg) 80 (13) 77 (9) 82 (18) F (2, 42) = 0.59; p = 0.56

DBP end-tilt (mmHg) 88 (17) 82 (10) 90 (21) F (2, 42) = 0.85; p = 0.43

SVI supine (ml/m2) 40 (6) 42 (8) 40 (7) F (2, 42) = 0.54; p = 0.58

SVI end-tilt (ml/m2) 21 (5) 23 (5) 21 (7) F (2, 42) = 0.96; p = 0.39

CI supine (L/min/m2) 2.91 (0.51) 2.84 (0.52) 2.74 (0.44) F (2, 42) = 0.44; p = 0.65

CI end-tilt (L/min/m2) 2.27 (0.75) 2.13 (0.42) 1.94 (0.36) F (2, 42) = 1.43; p = 0.25

PETCO2 supine (mmHg) 39 (3) 38 (3) 37 (2) F (2, 42) = 3.08; p = 0.06

PETCO2 end-tilt (mmHg) 28 (4) 29 (5) 27 (4) F (2, 42) = 1.05; p = 0.36

CBF supine (ml/min) 620 (68) 618 (75) 631 (87) F (2, 42) = 0.12; p = 0.89

CBF end-tilt (ml/min) 405 (70) 428 (66) 419 (67) F (2, 42) = 0.47; p = 0.63

p-values: Chi-square analysis (3 × 2 table) and ordinary one-way ANOVA. HR: heart rate; bpm: beats per minute;
SBP: systolic blood pressure; DBD: diastolic blood pressure; SVI: stroke volume index; CI: cardiac index; CB:
cerebral blood flow; normHR/BP: patients with a normal heart rate and blood pressure response during the tilt
test; POTS; postural orthostatic intolerance syndrome. Upright measurements are the measurements being made
just before tilting back. A p-value of <0.01 is considered significant.

Figure 1 shows the percentage reduction in stroke volume index, cardiac index and
cerebral blood flow in the three groups. There were no significant differences.

Figure 2 shows the number of complaints shortly after the onset of the tilt phase as
administered with the standardized questionnaire. In red the percentage of the various
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complaints in long-haul COVID patients are given, in yellow in ME/CFS patients by EBV
and in green ME/CFS with an insidious onset. There is no significant difference in the
prevalence of complaints.
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Figure 3 shows examples of cerebral blood flow reduction in long-haul COVID patients
in the upright position compared to the supine position.
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Figure 5 shows the cerebral blood flow reduction in the upright position compared to
the supine position.
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4. Discussion

Recent research increasingly suggests that the signs and symptoms of long-haul
COVID patients are the same as of ME/CFS patients [1,9]. Celi et al. described in a review
article the symptomatology of COVID-19 patients in the post-acute phase and in the phase
of COVID as a chronic disease [9]. Many of these complaints are complaints that are also
present in ME/CFS. Wong and Welzer concluded in a review of 21 long-haul COVID
studies that there was a large overlap between long-haul COVID symptoms and ME/CFS
symptoms [1].

In the current study, complaints, and the objective abnormalities of orthostatic in-
tolerance in long-haul COVID patients, where the trigger was the SARS-CoV-2 infection,
were compared with those of ME/CFS patients with an EBV infection as a trigger as well
as with a group of patients with no clear trigger for the start of the disease: an insidious
onset. In ME/CFS patients, the triggers for the development of complaints are numerous,
which could lead to group heterogeneity. Examples of triggers include infection-related,
environmental toxins, stressful incidents, pregnancy, surgeries, trauma, travel, neurological
and cardiologic events [17]. Vaccinations or an insidious course are also possible. To
improve comparability, we have compared the long-haul COVID patients with ME/CFS
patients caused by a single trigger: the Ebstein Barr virus, but also compared it to a group
of ME/CFS patients where no clear starting point was present. The main finding is that
in long-haul COVID patients, the decrease in cerebral blood flow during a tilt table test is
similar to that of ME/CFS patients with a post-viral trigger and is similar to that of patients
with an insidious onset. In addition, the complaint pattern of orthostatic intolerance during
the tilt is also similar for the three groups. In a previous study, we have shown that in
healthy controls, the decrease in cerebral blood flow during a tilt table test was on average
7% and 26% in ME/CFS patients [14]. The abnormalities of the cerebral blood flow de-
crease of 29% in ME/CFS patients in the current study are similar to the previously found
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decrease of 26% in 429 ME/CFS patients. Our findings are consistent with the findings
of a decrease in cerebral blood flow rates measured with transcranial Doppler in patients
with orthostatic intolerance [29,30]. There is one case report that describes the transcranial
Doppler measurements, showing brain hypoperfusion in long-haul COVID [31].

Furthermore, this study shows that there is a similar, abnormal decrease in stroke
volume index and cardiac index during the standing phase of the tilt table test [32,33].
Finally, it was also found that the orthostatic intolerance complaints in daily life were
very similar between long-haul COVID and ME/CFS patients. In a recent publication
of ours, we compared the self-reported complaints of 10 long-haul COVID patients with
20 ME/CFS patients [6,15]. We found similar symptom clusters between the long-haul
COVID patients and the ME/CFS patients. Thus, the complaints of long-haul COVID pa-
tients, the severity of the complaints, the orthostatic intolerance complaints in daily life, the
orthostatic intolerance complaints during the tilt table test and the objective abnormalities
of the orthostatic intolerance found (the abnormal cerebral blood flow decrease and the
abnormal cardiac index decrease) are very similar to those of ME/CFS patients. This makes
it likely that long-haul COVID is the same in terms of disease as ME/CFS, where the trigger
for its onset has been an infection with the SARS-CoV-2 virus. From a clinical point of view,
long-haul COVID patients should be treated the same as ME/CFS patients, focusing on the
main complaints such as fatigue, orthostatic intolerance, memory/concentration problems,
post-exertional malaise, sleep abnormalities, pain, etc. The symptomatic treatment should
depend on the severity of their presenting complaints.

It is striking that POTS was found in all long-haul COVID patients, while this was
only 42–50% in the respective ME/CFS patient groups. In a previous study, we found
that patients with POTS had a shorter disease duration than patients with a normal heart
rate and blood pressure response during the tilt test [34]. In the current study, there
was a significant difference in disease duration: median 1 year in the long-haul COVID
versus median 11–16 years in the ME/CFS patient groups. One possible explanation for
the different prevalence of POTS in long-haul COVID and ME/CFS patients is that with
increasing disease duration, the POTS response can be replaced by a lesser increase in
heart rate, almost as though it “fades out” and give way to a normal heart rate and blood
pressure course. In acute and severe COVID-19 the potential role of excess catecholamines
states have been discussed but not properly investigated (gubbi LancetDiabEndocr 2020,
Ouyang eur review medic pharmacol science 2021). As one of the mechanisms of POTS is
excess sympathetic activation (Vernino 2021), we hypothesize that also in milder COVID-
19 patients, initially a high sympathetic drive is present, which disappears over time
during recovery of the infection. This recovery then leads to disappearance of POTS. This
hypothesis is supported by patients, stating that the palpitations have disappeared over
time. The improvement of POTS in a COVID patient was reported by Ocher et al. [35].
The change in hemodynamic profiles over time in long-haul COVID patients needs to be
studied further.

Deconditioning as an important cause of POTS is frequently mentioned in the litera-
ture [36–38]. In the present study of 14 long-haul COVID patients, as well as in our previous
publication of 10 patients with POTS [15], complaints of orthostatic intolerance/POTS de-
veloped in the early weeks after the onset of the acute infection. None were hospitalized or
required mechanical ventilation. Furthermore, all long-haul COVID patients were fit before
the onset of the infection and performed physical exercise at least on a weekly basis. Similar
observations have been made by others [39–41]. This makes it unlikely that the POTS was
triggered by deconditioning. Furthermore, in ME/CFS patients we have shown that the
presence of postexertional malaise, orthostatic intolerance and the abnormal reduction in
cerebral blood flow was also present in patients without deconditioning as assessed by
cardiopulmonary exercise testing, where the absence of deconditioning was defined by
a percent predicted maximum oxygen consumption of 85% or more [42]. Moreover, we
have shown that the abnormal cerebral blood flow reduction was similar in patients with
no deconditioning, with mild or severe deconditioning [43,44]. Due to the similarity of
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long-haul COVID and ME/CFS, exercise therapy should be cautiously given to long-haul
COVID patients, as it may also be detrimental [45–47].

Limitations

We excluded patients with different triggers for the development of ME/CFS than
an Ebstein Barr virus. Previous research in ME/CFS, which included all triggers for the
disease, showed no distinction in demographic characteristics, symptoms, and signs [17].
Thus, the probability that a post-viral trigger will show a different pattern of complaints and
objective abnormalities is unlikely. This was confirmed by the similar study results of the
group with an insidious start of ME/CFS. None of the long-haul COVID patients developed
orthostatic hypotension or syncope or had a normal heart rate and blood pressure pattern in
the current study. Large-scale studies, in which it can be expected that these hemodynamic
abnormalities do occur in a number of patients, should reveal any differences in complaints
and cerebral blood flow abnormalities. Finally, inclusion bias in the referral, because often
patients ask for a referral from their GPs after information on social media, may have
played a role in the current research.

5. Conclusions

The complaints of long-haul COVID patients, the severity of the complaints, the
orthostatic intolerance complaints in daily life, the orthostatic intolerance complaints
during the tilt table test and the objective abnormalities of the orthostatic intolerance (the
abnormal cerebral blood flow decrease and the abnormal cardiac index decrease) are very
similar to those of the ME/CFS patients. This makes it very likely that long-haul COVID
is the same in terms of disease as ME/CFS, where the trigger for its onset has been an
infection with the SARS-CoV-2 virus. The treatment of long-haul COVID should therefore
be similar to that of ME/CFS.
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Appendix A

Orthostatic intolerance questionnaire at the first minute of tilt

1. Did you develop, after being tilted, complaints of dizziness or lightheadedness?
2. Are you, after being tilted, more fatigued in comparison to when you were

lying down?
3. Did you develop, after being tilted, muscle weakness of your legs?
4. Did you develop, after being tilted, a feeling of dyspnea or breathlessness?
5. Do you see less sharp after being tilted?
6. Do you hear me differently, after being tilted, in comparison to when you were

lying down?
7. Are you less concentrated while standing, compared to when you were lying down?
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8. Did you develop, after being tilted, pain in the muscles of your neck or shoulders?
9. Did you develop, after being tilted, a feeling of nausea?
10. Did you develop, after being tilted, a tingling feeling in your right hand *?
11. Did you develop, after being tilted, a feeling of chest pain or pressure on your chest?
12. Did you develop, after being tilted, low back pain?
13. Did you start to sweat after being tilted?
14. Did you develop, after being tilted, palpitations?
15. Did you develop, after being tilted a feeling of a pressure in your head or head ache?

References
1. Wong, T.L.; Weitzer, D.J. Long COVID and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS)-A Systemic Review

and Comparison of Clinical Presentation and Symptomatology. Medicina 2021, 57, 418. [CrossRef] [PubMed]
2. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors

for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

3. Yuki, K.; Fujiogi, M.; Koutsogiannaki, S. COVID-19 pathophysiology: A review. Clin. Immunol. 2020, 215, 108427. [CrossRef]
[PubMed]

4. Somani, S.; Agnihotri, S.P. Emerging Neurology of COVID-19. Neurohospitalist 2020, 10, 281–286. [CrossRef] [PubMed]
5. Carfi, A.; Bernabei, R.; Landi, F. Persistent Symptoms in Patients after Acute COVID-19. JAMA 2020, 324, 603–605. [CrossRef]
6. Davis, H.E.; Assaf, G.S.; McCorkell, L.; Wei, H.; Low, R.J.; Re’Em, Y.; Redfield, S.; Austin, J.P.; Akrami, A. Characterizing long

COVID in an international cohort: 7 months of symptoms and their impact. EClinicalMedicine 2021, 38, 101019. [CrossRef]
7. Franco, J.V.; Garegnani, L.I.; Oltra, G.V.; Metzendorf, M.-I.; Trivisonno, L.F.; Sgarbossa, N.; Ducks, D.; Heldt, K.; Mumm, R.;

Barnes, B.; et al. Long-Term Health Symptoms and Sequelae Following SARS-CoV-2 Infection: An Evidence Map. Int. J. Environ.
Res. Public Health 2022, 19, 9915. [CrossRef]

8. Townsend, L.; Dowds, J.; O’Brien, K.; Sheill, G.; Dyer, A.H.; O’Kelly, B.; Hynes, J.P.; Mooney, A.; Dunne, J.; Ni Cheallaigh, C.; et al.
Persistent Poor Health after COVID-19 Is Not Associated with Respiratory Complications or Initial Disease Severity. Ann. Am.
Thorac. Soc. 2021, 18, 997–1003. [CrossRef]

9. Celi, E.; Espinoza, C.; Paredes, A.; Montenegro, M.; Velin, D. COVID-19 Post-Acute and Chronic Disease. Health Sci. J. 2022,
16, 1–14. [CrossRef]

10. Morrow, A.K.; Malone, L.A.; Kokorelis, C.; Petracek, L.S.; Eastin, E.F.; Lobner, K.L.; Neuendorff, L.; Rowe, P.C. Long-Term COVID
19 Sequelae in Adolescents: The Overlap with Orthostatic Intolerance and ME/CFS. Curr. Pediatr. Rep. 2022, 10, 31–44. [CrossRef]

11. Gerrity, T.R.; Bates, J.; Bell, D.S.; Chrousos, G.; Furst, G.; Hedrick, T.; Hurwitz, B.; Kula, R.W.; Levine, S.M.; Moore, R.C.; et al.
Chronic fatigue syndrome: What role does the autonomic nervous system play in the pathophysiology of this complex illness?
Neuroimmunomodulation 2002, 10, 134–141. [CrossRef] [PubMed]

12. Institute Of Medicine (IOM) (Ed.) Beyond Mayalgic Encephalomyelitis/Chronic Fatigue Syndrome: Redefining An Illness; The National
Academies Press: Washington, DC, USA, 2015.

13. Raj, S.R.; Arnold, A.C.; Barboi, A.; Claydon, V.E.; Limberg, J.K.; Lucci, V.-E.M.; Numan, M.; Peltier, A.; Snapper, H.; Vernino,
S.; et al. Long-COVID postural tachycardia syndrome: An American Autonomic Society statement. Clin. Auton. Res. 2021,
31, 365–368. [CrossRef]

14. van Campen, C.M.C.; Verheugt, F.W.A.; Rowe, P.C.; Visser, F.C. Cerebral blood flow is reduced in ME/CFS during head-up tilt
testing even in the absence of hypotension or tachycardia: A quantitative, controlled study using Doppler echography. Clin.
Neurophysiol. Pract. 2020, 5, 50–58. [CrossRef] [PubMed]

15. van Campen, C.M.C.; Rowe, P.C.; Visser, F.C. Orthostatic Symptoms and Reductions in Cerebral Blood Flow in Long-Haul
COVID-19 Patients: Similarities with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Medicina 2021, 58, 28. [CrossRef]
[PubMed]

16. Islam, M.F.; Cotler, J.; Jason, L.A. Post-viral fatigue and COVID-19: Lessons from past epidemics. Fatigue Biomed. Health Behav.
2020, 8, 61–69. [CrossRef]

17. Chu, L.; Valencia, I.J.; Garvert, D.W.; Montoya, J.G. Onset Patterns and Course of Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome. Front. Pediatr. 2019, 7, 12. [CrossRef]

18. Carruthers, B.M.; van de Sande, M.I.; De Meirleir, K.L.; Klimas, N.G.; Broderick, G.; Mitchell, T.; Staines, D.; Powles, A.C.; Speight,
N.; Vallings, R.; et al. Myalgic encephalomyelitis: International Consensus Criteria. J. Intern. Med. 2011, 270, 327–338. [CrossRef]

19. Fukuda, K.; Straus, S.E.; Hickie, I.; Sharpe, M.C.; Dobbins, J.G.; Komaroff, A. The chronic fatigue syndrome: A comprehensive
approach to its definition and study. International Chronic Fatigue Syndrome Study Group. Ann. Intern. Med. 1994, 121, 953–959.
[CrossRef]

20. van Campen, C.M.C.; Verheugt, F.W.A.; Visser, F.C. Cerebral blood flow changes during tilt table testing in healthy volunteers, as
assessed by Doppler imaging of the carotid and vertebral arteries. Clin. Neurophysiol. Pract. 2018, 3, 91–95. [CrossRef]

http://doi.org/10.3390/medicina57050418
http://www.ncbi.nlm.nih.gov/pubmed/33925784
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/j.clim.2020.108427
http://www.ncbi.nlm.nih.gov/pubmed/32325252
http://doi.org/10.1177/1941874420936096
http://www.ncbi.nlm.nih.gov/pubmed/32983347
http://doi.org/10.1001/jama.2020.12603
http://doi.org/10.1016/j.eclinm.2021.101019
http://doi.org/10.3390/ijerph19169915
http://doi.org/10.1513/AnnalsATS.202009-1175OC
http://doi.org/10.36648/1791-809X.16.S7.951
http://doi.org/10.1007/s40124-022-00261-4
http://doi.org/10.1159/000067176
http://www.ncbi.nlm.nih.gov/pubmed/12481153
http://doi.org/10.1007/s10286-021-00798-2
http://doi.org/10.1016/j.cnp.2020.01.003
http://www.ncbi.nlm.nih.gov/pubmed/32140630
http://doi.org/10.3390/medicina58010028
http://www.ncbi.nlm.nih.gov/pubmed/35056336
http://doi.org/10.1080/21641846.2020.1778227
http://doi.org/10.3389/fped.2019.00012
http://doi.org/10.1111/j.1365-2796.2011.02428.x
http://doi.org/10.7326/0003-4819-121-12-199412150-00009
http://doi.org/10.1016/j.cnp.2018.02.004


Healthcare 2022, 10, 2058 12 of 12

21. Eeftinck Schattenkerk, D.W.; van Lieshout, J.J.; van den Meiracker, A.H.; Wesseling, K.R.; Blanc, S.; Wieling, W.; Van Montfrans,
G.A.; Settels, J.J.; Westerhof, B.E. Nexfin noninvasive continuous blood pressure validated against Riva-Rocci/Korotkoff. Am. J.
Hypertens. 2009, 22, 378–383. [CrossRef]

22. Martina, J.R.; Westerhof, B.E.; van Goudoever, J.; de Beaumont, E.M.F.H.; Truijen, J.; Kim, Y.-S.; Immink, R.V.; Jöbsis, D.A.;
Hollmann, M.W.; Lahpor, J.R.; et al. Noninvasive continuous arterial blood pressure monitoring with Nexfin (R). Anesthesiology
2012, 116, 1092–1103. [CrossRef] [PubMed]

23. Freeman, R.; Wieling, W.; Axelrod, F.B.; Benditt, D.G.; Benarroch, E.; Biaggioni, I.; Cheshire, W.; Chelimsky, T.; Cortelli, P.; Gibbons,
C.H.; et al. Consensus statement on the definition of orthostatic hypotension, neurally mediated syncope and the postural
tachycardia syndrome. Auton. Neurosci. 2011, 161, 46–48. [CrossRef] [PubMed]

24. Sheldon, R.S.; Grubb, B.P., 2nd; Olshansky, B.; Shen, W.-K.; Calkins, H.; Brignole, M.; Raj, S.R.; Krahn, A.D.; Morillo, C.A.;
Stewart, J.M.; et al. 2015 heart rhythm society expert consensus statement on the diagnosis and treatment of postural tachycardia
syndrome, inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm. 2015, 12, e41–e63. [CrossRef] [PubMed]

25. Fedorowski, A.; Burri, P.; Melander, O. Orthostatic hypotension in genetically related hypertensive and normotensive individuals.
J. Hypertens. 2009, 27, 976–982. [CrossRef] [PubMed]

26. van Campen, C.M.C.; Visser, F.C. Validation of Stroke volume measured with suprasternal aortic Doppler imaging: Comparison
to transthoracic Stroke Volume measurements. J. Thromb. Circ. 2018, 2018, 1–5. [CrossRef]

27. Kusumoto, F.; Venet, T.; Schiller, N.B.; Sebastian, A.; Foster, E. Measurement of aortic blood flow by Doppler echocardiography:
Temporal, technician, and reader variability in normal subjects and the application of generalizability theory in clinical research.
J. Am. Soc. Echocardiogr. 1995, 8, 647–653. [CrossRef]

28. van Campen, C.M.C.; Visser, F.C.; de Cock, C.C.; Vos, H.S.; Kamp, O.; Visser, C.A. Comparison of the haemodynamics of different
pacing sites in patients undergoing resynchronisation treatment: Need for individualisation of lead localisation. Heart 2006,
92, 1795–1800. [CrossRef]

29. Shin, K.J.; Kim, S.E.; Park, K.M.; Park, J.; Ha, S.Y.; Kwon, O.-Y. Cerebral hemodynamics in orthostatic intolerance with normal
head-up tilt test. Acta Neurol. Scand. 2016, 134, 108–115. [CrossRef]

30. Novak, P. Hypocapnic cerebral hypoperfusion: A biomarker of orthostatic intolerance. PLoS ONE 2018, 13, e0204419. [CrossRef]
31. Novak, P. Post COVID-19 syndrome associated with orthostatic cerebral hypoperfusion syndrome, small fiber neuropathy and

benefit of immunotherapy: A case report. Eneurological. Sci. 2020, 21, 100276. [CrossRef]
32. van Campen, C.M.C.; Visser, F.C. The abnormal Cardiac Index and Stroke Volume Index changes during a normal Tilt Table Test

in ME/CFS patients compared to healthy volunteers, are not related to deconditioning. J. Thromb. Circ. 2018, 2018, 1–8. [CrossRef]
33. Timmers, H.J.; Wieling, W.; Soetekouw, P.M.; Bleijenberg, G.; Van Der Meer, J.W.; Lenders, J.W. Hemodynamic and neurohumoral

responses to head-up tilt in patients with chronic fatigue syndrome. Clin. Auton. Res. 2002, 12, 273–280. [CrossRef] [PubMed]
34. van Campen, C.M.C.; Visser, F.C. The higher resting heart rate in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)

patients compared to healthy controls: Relation with stroke volumes. Med. Res. Arch. 2022, 10. [CrossRef]
35. Ocher, R.A.; Padilla, E.; Hsu, J.C.; Taub, P.R. Clinical and Laboratory Improvement in Hyperadrenergic Postural Orthostatic

Tachycardia Syndrome (POTS) after COVID-19 Infection. Case Rep. Cardiol. 2021, 2021, 7809231. [CrossRef] [PubMed]
36. Fedorowski, A. Postural orthostatic tachycardia syndrome: Clinical presentation, aetiology and management. J. Intern. Med. 2019,

285, 352–366. [CrossRef] [PubMed]
37. Bryarly, M.; Phillips, L.T.; Fu, Q.; Vernino, S.; Levine, B.D. Postural Orthostatic Tachycardia Syndrome: JACC Focus Seminar. J.

Am. Coll. Cardiol. 2019, 73, 1207–1228. [CrossRef]
38. Garland, E.M.; Celedonio, J.E.; Raj, S.R. Postural Tachycardia Syndrome: Beyond Orthostatic Intolerance. Curr. Neurol. Neurosci.

Rep. 2015, 15, 60. [CrossRef]
39. Miglis, M.G.; Prieto, T.; Shaik, R.; Muppidi, S.; Sinn, D.-I.; Jaradeh, S. A case report of postural tachycardia syndrome after

COVID-19. Clin. Auton. Res. 2020, 30, 449–451. [CrossRef]
40. Petracek, L.S.; Suskauer, S.J.; Vickers, R.F.; Patel, N.R.; Violand, R.L.; Swope, R.L.; Rowe, P.C. Adolescent and Young Adult

ME/CFS after Confirmed or Probable COVID-19. Front Med. 2021, 8, 668944. [CrossRef]
41. Shouman, K.; Vanichkachorn, G.; Cheshire, W.P.; Suarez, M.D.; Shelly, S.; Lamotte, G.J.; Sandroni, P.; Benarroch, E.E.; Berini, S.E.;

Cutsforth-Gregory, J.K.; et al. Autonomic dysfunction following COVID-19 infection: An early experience. Clin. Auton. Res. 2021,
31, 385–394. [CrossRef]

42. Parsaik, A.; Allison, T.G.; Singer, W.; Sletten, D.M.; Joyner, M.J.; Benarroch, E.E.; Low, P.A.; Sandroni, P. Deconditioning in patients
with orthostatic intolerance. Neurology 2012, 79, 1435–1439. [CrossRef]

43. van Campen, C.M.C.; Rowe, P.C.; Visser, F.C. Deconditioning does not explain orthostatic intolerance in ME/CFS (myalgic
encephalomyelitis/chronic fatigue syndrome. J. Transl. Med. 2021, 19, 193–203. [CrossRef] [PubMed]

44. van Campen, C.M.C.; Visser, F.C. Comparison of the Degree of Deconditioning in Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome (ME/CFS) Patients with and without Orthostatic Intolerance. Med. Res. Arch. 2022, 10. [CrossRef]

45. Kindlon, T. Do graded activity therapies cause harm in chronic fatigue syndrome? J. Health Psychol. 2017, 22, 1146–1154. [CrossRef]
[PubMed]

46. Turner-Stokes, L.; Wade, D.T. Updated NICE guidance on chronic fatigue syndrome. BMJ 2020, 371, m4774. [CrossRef]
47. Vink, M.; Vink-Niese, A. The Updated NICE Guidance Exposed the Serious Flaws in CBT and Graded Exercise Therapy Trials for

ME/CFS. Healthcare 2022, 10, 898. [CrossRef]

http://doi.org/10.1038/ajh.2008.368
http://doi.org/10.1097/ALN.0b013e31824f94ed
http://www.ncbi.nlm.nih.gov/pubmed/22415387
http://doi.org/10.1016/j.autneu.2011.02.004
http://www.ncbi.nlm.nih.gov/pubmed/21393070
http://doi.org/10.1016/j.hrthm.2015.03.029
http://www.ncbi.nlm.nih.gov/pubmed/25980576
http://doi.org/10.1097/HJH.0b013e3283279860
http://www.ncbi.nlm.nih.gov/pubmed/19402222
http://doi.org/10.29011/JTC-106.000006
http://doi.org/10.1016/S0894-7317(05)80378-5
http://doi.org/10.1136/hrt.2004.050435
http://doi.org/10.1111/ane.12516
http://doi.org/10.1371/journal.pone.0204419
http://doi.org/10.1016/j.ensci.2020.100276
http://doi.org/10.29011/JTC-107.000007
http://doi.org/10.1007/s10286-002-0014-1
http://www.ncbi.nlm.nih.gov/pubmed/12357281
http://doi.org/10.18103/mra.v10i6.2891
http://doi.org/10.1155/2021/7809231
http://www.ncbi.nlm.nih.gov/pubmed/34471549
http://doi.org/10.1111/joim.12852
http://www.ncbi.nlm.nih.gov/pubmed/30372565
http://doi.org/10.1016/j.jacc.2018.11.059
http://doi.org/10.1007/s11910-015-0583-8
http://doi.org/10.1007/s10286-020-00727-9
http://doi.org/10.3389/fmed.2021.668944
http://doi.org/10.1007/s10286-021-00803-8
http://doi.org/10.1212/WNL.0b013e31826d5f95
http://doi.org/10.1186/s12967-021-02819-0
http://www.ncbi.nlm.nih.gov/pubmed/33947430
http://doi.org/10.18103/mra.v10i6.2858
http://doi.org/10.1177/1359105317697323
http://www.ncbi.nlm.nih.gov/pubmed/28805516
http://doi.org/10.1136/bmj.m4774
http://doi.org/10.3390/healthcare10050898

	Introduction 
	Materials and Methods 
	Patients 
	Determination of the Severity of the Disease Using the ME Criteria B18-healthcare-1927342 
	Tilt Test Protocol 
	Doppler Echocardiography for Stroke Volume and Cardiac Index Measurements 
	Extracranial Doppler for Cerebral Blood Flow Measurements 
	End-Tidal pCO2 Measurements 
	Orthostatic Intolerance Questionnaire during Tilting 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

