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Results: Sixty-one cases were reported and 45 fulfilled eligibility criteria; 82% of patients were
women. The crude TTS rate was 4 cases/1 000 000 doses, and 14-15 cases/1 000 000 doses among
patients aged 30-49 years. The number of observed cases of cerebral venous thrombosis was 6-18
times higher than that expected in patients younger than 49 years. Symptoms started a median
(quartiles 1 and 3 [Q;-Qs]) of 10 (7-14) days after vaccination. Eighty percent (95% confidence
interval [CI]: 65%-90%) had thrombocytopenia at the time of the emergency department visit,
and 65% (49%-78%) had D-dimer levels > 2000 ng/mL. Patients had thromboses affecting multiple
locations in 36% of cases and fatal outcomea in 24%. Platelet nadir < 50 000/ u.L (odds ratio [OR]:
7.4; 95% Cl: 1.2-47.5) and intracranial hemorrhage (OR: 7.9; 95% Cl: 1.3-47.0) were associated
with fatal outcomes.

Conclusion: TTS must be suspected in patients with symptoms 10 days after vaccination and
thrombocytopenia and/or elevated D-dimer levels.

© 2022 Sociedad Espanola de Neurologia. Published by Elsevier Espana, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Sindrome de trombosis con trombocitopenia asociado a vacunas de adenovirus frente
a la COVID-19: Epidemiologia y presentacion clinica de la serie espaiola

Resumen

Introduccion: Se describen las caracteristicas epidemioldgicas y clinicas de los casos de sin-
drome de trombosis con trombocitopenia (STT) notificados en Espana.

Métodos: Se incluyeron los casos de trombosis venosa o arterial con trombocitopenia tras
recibir vacuna con vectores de adenovirus no replicantes frente a la COVID-19 (AstraZeneca
y Janssen) del 1 de febrero al 26 de septiembre de 2021. Se describe la tasa de notificacion,
(nimero de casos notificados/nimero de dosis administradas), y el analisis de casos observados

Resultados: Se notificaron 61 casos, cumpliendo 45 los criterios de elegibilidad, 82% mujeres.
La tasa de notificacion global fue 4/1.000.000 dosis y 14-15/1.000.000 dosis entre los 30-49
anos. El nimero de casos de trombosis de senos cerebrales observados fue 6-18 veces supe-
rior al esperado en menores de 49 afos. Los sintomas comenzaron 10 (rango intercuartilico:
7-14) dias tras la vacunacion. El 80% (intervalo de confianza (IC) al 95%: 65-90%) tenia trom-
bocitopenia en el momento de su visita a urgencias y el 65% (IC 95%: 49-78%) elevacion del
dimero D (> 2.000 ng/mL). La trombosis fue de multiples localizaciones en 36% y fatal en 24%
de los pacientes. Un valor nadir de trombocitopenia < 50.000/p.L (odds ratio (OR): 7,4; 1C95%:
1,2-47,5) y la presencia de hemorragia cerebral (OR: 7,9; 1C95%: 1,3-47,0) se asociaron a un

Conclusiones: Debe sospecharse el STT en pacientes que presenten sintomas unos 10 dias tras
la vacunacion y presenten trombocitopenia y/o elevacion de dimero D.

© 2022 Sociedad Espanola de Neurologia. Publicado por Elsevier Espafna, S.L.U. Este es un
articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/licencias/by-

Trastornos
plaquetarios
frente a esperados (O/E). Se evaluaron los predictores de mortalidad.
desenlace fatal.
nc-nd/4.0/).
Introduction

The first vaccine against the SARS-CoV-2 coronavirus, BNT162b2
(Comirnaty®, Pfizer BioNTech), was approved on 21 December 2020;
Spain’s vaccination campaign began immediately, in accordance
with the vaccination strategy approved by the Inter-regional Council
of the Spanish National Health System." The ChAdOx1-S nCov-
19 (Vaxzevria®, AstraZeneca) and Ad26.COV2-S vaccines (Janssen)
were approved on 29 January and 11 March 2021, respectively.
In parallel to the approval of the vaccines, a pharmacovigilance
plan? was implemented which, among other actions, included com-
prehensive clinical review of clinically complex adverse events
reported to the Spanish Pharmacovigilance System for Medicinal
Products for Human Use (SEFV-H, for its Spanish abbreviation).

On 7 March 2021, the first cases were reported of thrombo-
sis with thrombocytopenia syndrome (TTS) in patients who had

received the AstraZeneca vaccine in Europe (specifically, Austria);
the first case in Spain was reported on 14 March.>~> The Spanish
Agency of Medicines and Medical Devices (AEMPS) acted urgently to
create a multidisciplinary expert group to assess these cases, fol-
low up cases reported in Spain, and subsequently develop specific
guidelines with diagnostic and therapeutic recommendations on this
severe adverse event.®

Vaccine-induced TTS is characterised by the presence of one
or more thromboses, primarily affecting veins (as well as arter-
ies), with a tendency to affect unusual locations, such as the
splanchnic veins or the cerebral venous sinuses.*>7~? Presence
of anti—platelet factor 4 (anti-PF4) antibodies promotes platelet
aggregation and micro- and macrothrombosis, resulting in pro-
nounced thrombocytopenia and the thrombotic manifestations that
characterise the syndrome.® TTS has been associated with other
non-replicating adenoviral vector vaccines, such as the AstraZeneca
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and Janssen vaccines.* 810 AEMPS reported the possibility that
this clinical entity may appear as a potential adverse reaction to
adenoviral vector vaccines'' on 7 April 2021,'2 and modified the
vaccination strategy with a view to minimising this risk, restrict-
ing their use in younger patients (in whom the risk appeared to
be greater) and avoiding administration of a second dose of the
AstraZeneca vaccine in this age group.'? Soon after, on 26 May 2021,
an expert working group from the Spanish Federation of Medical and
Scientific Associations (FACME) published a set of diagnostic and
therapeutic guidelines on the management of cerebral venous sinus
thrombosis (CVST) associated with COVID-19 vaccination.®

This article describes the epidemiological and clinical character-
istics of all cases of TTS associated with non-replicating adenoviral
vector vaccines against SARS-CoV-2 reported in Spain between
1 February and 26 September 2021. These specific vaccines are
addressed because they were the agents for which this association
was observed and which were the subject of concerns raised by vari-
ous national and international bodies. We describe the demographic
pattern of incident cases during the vaccination campaign (up to 26
September 2021), the reporting rate, and the analysis of observed
vs expected cases. Clinical data were analysed to study the fre-
quency of comorbidities, clinical presentation, laboratory findings,
treatment, and prognosis. As exploratory objectives, we analyse the
sensitivity of laboratory parameters determined at the emergency
department and the variables that may be associated with greater
likelihood of mortality.

Methods

We conducted an observational, descriptive study of a series of
cases, in accordance with the STROBE recommendations.’® The
study population included all patients presenting with venous or
arterial thrombotic events due to suspected TTS in the 100 days
after administration of a non-replicating adenoviral vector vaccine
against SARS-CoV-2, and reported to the SEFV-H, coordinated by
AEMPS. The study was approved by the medical research ethics
committee of Hospital Clinico Universitario de Valladolid (code PI
21/2450).

Eligibility criteria

The inclusion criteria, based on the diagnostic criteria of the World
Health Organization and the Brighton Collaboration,'® were: 1)
presence of at least one venous and/or arterial thrombosis; 2) pres-
ence of thrombocytopenia (platelet count < 150 000 platelets/uL
or a > 50% reduction below baseline) at some point during clinical
progression; and 3) exposure to a non-replicating adenoviral vector
vaccine against SARS-CoV-2 in the previous 100 days. We excluded
cases that, in the opinion of the expert group, might be explained by
another cause, and cases whose diagnosis was later reported to be
incorrect or uncertain, or for which insufficient data were available.

Intervention

For the epidemiological analysis, we calculated the reporting rate,
defined as the number of patients presenting this adverse event
in relation to the number of doses administered during the study
period; rates were calculated for different age ranges, sexes, and
number of doses (first or second dose administered). Data on the
number of doses administered of each vaccine, age, and sex were
obtained from the Vaccination Register (REGVACU) of the Spanish
Ministry of Health.'® Analysis of the observed (reported) cases in
the study population and period, compared to the expected num-
ber of cases in the general population, was conducted according to
the method described by Mahaux et al.,"” both for the total popula-
tion and by age range. This calculation included all reported cases
(the most conservative assumption) and assumed a time window

at risk of 30 days, the period within which symptoms presented in
the majority of registered cases. A ratio greater than one indicates
a numerical disproportion between the number of cases observed
and the expected number of cases in the unvaccinated popula-
tion; this difference is statistically significant if the lower bound
of the confidence interval (Cl) is greater than one. Observed and
expected cases were only calculated for CVST, which was the only
clinical entity within the category of TTS for which sufficient epi-
demiological information is available on baseline incidence in the
general unvaccinated population. These data were extracted from
the FISABIO hospital database of the Valencian Community,'® as no
other incidence data on other thromboses in unusual locations are
available in our setting.

For the study of demographic, clinical, and prognostic charac-
teristics, we reviewed the available information on the reported
cases, which were anonymised at source. The demographic varia-
bles analysed were sex, age, thrombotic risk factors (Supplementary
material 1), history of COVID-19, vaccine administered, and num-
ber of doses. The clinical data studied were presence of COVID-19
concomitantly with TTS, time (days) from vaccination to symp-
tom onset, time (days) from symptom onset to diagnosis, initial
symptoms, localisation of the thrombosis; and (in patients with
CVST) presence of headache at any time during progression, pres-
ence of intracranial haemorrhage, and presence of alarm signs
(Supplementary material 2). The laboratory data included in the
analysis were platelet count at the emergency department and
platelet count nadir, D-dimer level at the emergency department
and the highest value recorded, fibrinogen level at admission, and
result of the anti-PF4 antibody determination. We also analysed
the treatment administered (immunoglobulins, heparin anticoagu-
lants, non-heparin anticoagulants, platelet transfusion, steroids'®)
and prognosis (recovery, death, or unknown).

Study period

The study period was from the date of administration of the first
dose of a non-replicating adenoviral vector vaccine in Spain (1
February 2021) to 26 September 2021, when the majority of the
eligible population had received these vaccines and their adminis-
tration slowed.

Statistical analysis

In the statistical analysis, qualitative and ordinal variables are
presented as frequency and percentage. Continuous variables are
expressed as means and standard deviation (SD), or medians and
quartiles 1 and 3 (Q4-Qs3), depending on data distribution. The 95%
confidence interval (Cl) was calculated in the estimation of the num-
ber of cases. Qualitative and ordinal variables are compared using
the Fisher exact test; associations between quantitative and quali-
tative variables were tested with the t test or Mann-Whitney U test,
depending on data distribution. An alpha error of 5% was accepted.

A subgroup analysis made comparisons between patients receiv-
ing the AstraZeneca and the Janssen vaccines, and between patients
with positive and negative anti-PF4 antibodies, excluding patients
for whom this information was not available. Positivity for these
antibodies was only established for patients who had undergone
ELISA testing or a platelet function test. The sensitivity of labo-
ratory parameters was estimated for the following cut-off points,
recommended in clinical practice guidelines®° '>: 50 000, 100 000,
and 150 000 platelets/pL; 2000 and 4000 ng/mL of D-dimer.

To identify variables associated with greater risk of mortality, we
initially conducted a univariate logistic regression analysis, followed
by a multivariate analysis including variables showing P-values < 0.1
in the univariate model; results are expressed as odds ratios (OR)
with 95% Cl. We performed a complete case analysis to avoid bias
due to missing data.
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27 December 2020

26 September 2021

Cases of TTS reported
(n=61)

Cases of TTS reviewed
(n =60)

a) Better explanation available:

1. Other thrombophilia (n = 5)

-Antiphospholipid syndrome (n = 1)

-Thrombophilia of unknown origin; 3rd episode of axillary
vein thrombosis (n = 1)

-Factor V Leiden with previous thrombocytopenia (n = 1)
-Prothrombin G20210A mutation with repeated thrombosis
(n=1)

-Haemophagocytic syndrome (n = 1)

2. Infection (n = 3)
-Acute pancreatitis and portal vein thrombosis (n = 1)

S~ Cases excluded (n = 15)

-Sepsis in a patient with liver disease and portal vein
thrombosis (n = 1)

Cases included (n = 45)

Cases of TTS after AstraZeneca
(n=237)
and after Janssen vaccines
(n=8)

Figure 1
were available.

-COVID-19 and PTE (n = 1)

3. Cancer (n=2)
-Lung cancer treated with chemotherapy (n = 1)
-Lymphoproliferative syndrome (n = 1)

4. Thrombosis secondary to artery disease (n = 3)
-Aortic mural thrombosis in a patient with sepsis (n = 1)
-Patent foramen ovale and renal and splenic artery
embolism (n=1)

-Aortic arch atherosclerosis + Buerger disease +
inflammatory bowel disease and renal artery embolism
(n=1)

b) No clear diagnosis (n = 2)

-No clear thrombosis and thrombocytopenia prior to
vaccination (n = 1)

-Symptom onset prior to vaccination (n = 1)

Cases reported, reviewed, excluded, and included in the series. One case was reported but not reviewed as no data

PTE: pulmonary thromboembolism; TTS: thrombosis with thrombocytopenia syndrome.

18

= = = =
5] ] 5 1)
[ -

No. cases per million doses administered
o -]

0
20-29 30-39 40-49 50-59 60-69
Age group
— Vaxzevria® (global) — Janssen (global) Vaxzevria® (1stdose) — Vaxzevria® (2nd dose)

Figure 2
per million doses administered.

Sensitivity was calculated by intention-to-treat and per-protocol
analysis, with 95% Cl being calculated for each value. Statistical
analysis was conducted using the SPSS statistics software, version
26.0 for Mac (IBM Corp; Armonk, NY, USA).

Results

During the study period, SEFV-H was notified of a total of 61 cases
initially diagnosed as TTS, attributed by the notifying physicians
to non-replicating adenoviral vector vaccines. Fig. 1 shows the
number of cases reported, reviewed, excluded, and included. We
finally included and analysed 45 patients, 37 who had received

Reporting rate for thrombosis with thrombocytopenia syndrome according to the vaccine administered and age group,

the AstraZeneca vaccine and 8 who had received the Janssen
vaccine.

Analysis of observed and expected cases and reporting
rate

As of 26 September 2021, a total of 9 771 767 doses (5 103 885 first
doses and 4 667 882 second doses) of the AstraZeneca vaccine and
1 959 146 doses of the Janssen vaccine had been administered. The
overall reporting rate was estimated at 4 cases/1 000 000 doses
administered, for both vaccines; a higher rate was observed for
the 30-49 years age group, with 8-9 cases/1 000 000 doses for the
AstraZeneca vaccine. Reporting rates of 14 and 15 cases of TTS/1
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Table 1  Analysis of the reported and expected cases of cerebral venous sinus thrombosis associated with adenoviral vector
vaccines. Overall data from the series and by age group.
Time 30-39 years 40-49 years 50-59 years 60-69 years Total
window at
risk: 30 days
AstraZeneca No. cases 4 4 1 2 12
vaccine O/E ratio 18.84 6.38 1.26 0.17 1.53
(95% Cl) (5.13-48.23) (1.74-16.34) (0.03-7.02) (0.02-0.63) (0.79-2.67)
Janssen No. cases 0 3 0 0 3
vaccine
O/E ratio — 5.27 — — 1.64 (0.34-4.78)
(95% Cl) (1.09-15.40)

Cl: confidence interval; O/E observed vs expected. Statistically significant values are shown in bold (ratios greater than one, with the

lower bound of the 95% Cl being greater than one).!’

Table 2 Demographic and clinical variables.

Variable Total cases AstraZeneca  Janssen P Anti-PF4 + Anti-PF4 — P
(n = 45) (n =37) (n=28) (n =20) (n =15)
Age in years, median 53 60 (45.5-63) 48 (42.2-52) 121 46.5 61 (48-63) .009
(Q1-Q3) (45.5-62.5) (37.2-58.2)
Women, n (%) 37 (82.2%) 20 (54.1%) 6 (75%) .435 12 (60%) 8 (53.3%) 741
AstraZeneca 37 (82.2%) 37 (100%) 0 (0%) — 13 (65%) 14 (93.3%) .015
Thrombotic risk 13 (28.9%) 12 (32.4%) 1 (12.5%) .405 5 (25%) 6 (40%) .467
factors
Dose 1st: 43 1st: 35 1st: 8 (100%) 1st: 20 (100%) 1st: 14 .429
(95.6%) (94.6%) (93.3%)
2nd: 2 2nd: 2 2nd: 1
(4.4%) (5.4%) (6.7%)
Days from vaccination 11 (7-14) 10 (7-14) 12 .312 10 11 (8-19) .364
to 1st symptom (8.7-17.5) (7.2-13.7)
(median, Q;-Q3)
(n=39)
Days from 1st 1 (0-7) 1 (0-7) 1 (0-2) 312 1.5(0.2-6.2) 1 (0-2) .158
symptom to
diagnosis (median,
Qi-Q) (n = 37)

PF4: platelet factor 4; Q1-Q3: quartiles 1 and 3. The variable ‘‘AstraZeneca’’ was included to compare anti-PF4 antibodies in patients
receiving the different vaccines. Data were compared using the Fisher exact test; quantitative and qualitative variables were compared
with the t test (normally distributed variables, expressed as mean [standard deviation]) or the Mann-Whitney U test (non—normally

distributed variables, expressed as median [Q1-Q3]).

000 000 doses administered were observed in the 30-39 years and
40-49 years age groups, respectively, after the first dose of the
AstraZeneca vaccine, with rates of 0 and 2 cases/1 000 000 doses
administered after the second dose (Fig. 2).

The analysis of observed vs expected cases of CVST revealed
a statistically significant disproportion among patients aged 30-49
years and receiving the AstraZeneca vaccine and among those aged
40-49 years and receiving the Janssen vaccine (Table 1).

Demographic characteristics

Table 2 summarises the main characteristics of the study popula-
tion. History of SARS-CoV-2 infection was only reported in 2.2% of
cases. PCR testing for SARS-CoV-2 was performed at admission in
15 patients, and antigen tests were performed in 3; results were
negative in all cases. In the subgroup analysis for type of vaccine
and presence/absence of anti-PF4 antibodies, the only statistically
significant difference was a younger median age in patients with

anti-PF4 antibodies. The median time from vaccination to clinical
onset of TTS was 11 days (Q;-Qs: 7-14; range, 1-60).

Clinical presentation

Clinical descriptions were provided for 36 of the 45 patients (80%).
Fig. 3 shows the most frequent initial symptoms. Seventeen of the
45 patients (37.8%) presented headache at some point during dis-
ease progression, with alarm signs in all cases. Fig. 4 shows the
frequency of alarm signs.

Laboratory parameters

Median platelet count at the emergency department was 81 000/ L
(Q4-Q3: 40 500-127 000; range, 8000-212 000); median D-dimer level
was 21 000 ng/mL (Qq-Q3: 5360-35 612; range, 130-60 000). Fig. 5
shows platelet count as a function of the time between vaccination
and emergency consultation. In the comparison between vaccines,
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Initial symptoms

Headache
Nausea or vomiting

38.9

Fever

22.2

Abdominal pain

22.2

Asthenia/weakness

22.2

Impaired level of consciousness

194

Focal neurological signs
Dyspnoea
Diarrhoea

General discomfort
Oedema

Seizures

Myalgia
Cervicalgia
Haematochezia
Haemoptysis
Visual alterations

— 3.3
—— 3.3
——— 5.6
- 2.8

- 2.8

- 2.8

0 5 10

Figure 3

11.1
11.1
11.1

15

19.4

20 25 30 35 40 45 50

Symptoms at onset (n = 36). The figure includes all initial symptoms, and presents all patients (ie, those with neurological

and non-neurological thrombosis location). Some patients with non-neurological thromboses presented neurological symptoms, such

as headache.

Headache alarm signs

Progressive worsening
Vomiting

Treatment resistance

Impaired level of consciousness
Seizures

Worsening with decubitus
Neurological symptoms
Interruption of nocturnal sleep I 5.9
Worsening with Valsalva manoeuvres [ 5.9
I 5.9

Visual symptoms

0.0 5.0

10.0

i
I 23.5
I 17.6

I 11.8

I 11.8

I 11.8

I 11.8

15.0 20.0 250 30.0 350 400 450

Figure 4 Headache alarm signs (n = 17).

statistically significant differences were observed in platelet count
at the emergency department and in the presence of anti-PF4 anti-
bodies (Supplementary material: table* 1 and Fig. 1). No significant
differences were observed between patients with and without anti-
PF4 antibodies (Supplementary material: table* 2, Figs. 2 and 3).
Table 3 shows the analysis of the sensitivity of the cut-off points
for platelet count and D-dimer levels suggested in the international
guidelines, both per protocol (analysis of cases with all data avail-
able) and by intention to treat (including cases with missing data).

Location of thromboses

Sixteen patients (35.6%) presented thromboses in multiple loca-
tions. No statistically significant differences in thrombosis location
or type were observed as a function of the vaccine received
(Table 4).

Therapeutic management

Thirty patients (66.7%) received anticoagulation therapy: non-
heparin in 29 (64.4%) and heparin in 8 (17.8%). Seven patients

(15.6%) received both types of drug. Immunoglobulins were adminis-
tered to 19 patients (42.7%) and steroids to 9 (20%), with 22 patients
(48.9%) receiving at least one of these 2 treatments. No statistically
significant differences were observed in the comparison of patients
receiving different vaccines or between patients with and without
anti-PF4 antibodies (Table 5).

In 11 patients (24.4%), management was apparently suboptimal
due to the following reasons: use of non-contrast CT scans, despite
the presence of headache with alarm signs and thrombocytopenia (7
patients [15.5%]); administration of heparin despite the presence of
anti-PF4 antibodies (2 [4.4%]); platelet transfusion in the absence of
an indication (1 [2.2%]); and empirical diagnosis of possible COVID-
19, without a diagnostic test (1 [2.2%]).

Outcomes and predictors of mortality

Eleven patients (24.4%) died; outcomes were not reported for 2
patients (4.4%). Platelet count < 50 000/pL at the emergency
department or as the nadir value, and presence of intracranial
haemorrhage were the variables associated with greater likelihood
of mortality in the univariate analysis. The multivariate analysis
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Platelet count at the emergency department (y-axis) as a function of the time between vaccination and consultation at

the emergency department (x-axis). Patients immunised with the Janssen vaccine are shown in blue; patients immunised with the

AstraZeneca vaccine, in red.

Table 3
nadir and peak D-dimer value).

Sensitivity of platelet count and D-dimer level at emergency consultation at the most extreme value (platelet count

Parameter Time Type of analysis Value Sensitivity 95% ClI
Platelet count Emergency PP (n = 41) 50 000/ L 29.3% 16.6-45.7
consultation ITT (n = 45) 26.1% 14.7-41.4
PP (n = 41) 100 000/ L 61.0% 44.5-75.4
ITT (n = 45) 55.6% 40.1-70.0
PP (n = 41) 150 000/ L 87.8% 73.0-95.4
ITT (n = 45) 80.0% 64.9-89.9
Nadir PP (n = 44) 50 000/ L 45.4% 30.7-61.0
ITT (n = 45) 44.4% 30.0-59.9
PP (n = 44) 100 000/ L 72.7% 57.0-84.5
ITT (n = 45) 71.1% 55.5-83.1
PP (n = 45) 150 000/ L 100% 90.2-100
ITT (n = 45) 100% 90.2-100
D-Dimer Emergency PP (n = 31) 2000 ng/mL 93.5% 77.1-98.9
department ITT (n = 45) 64.4% 48.7-77.7
PP (n = 31) 4000 ng/mL 90.3% 73.1-97.4
ITT (n = 45) 62.2% 46.5-75.8
Peak PP (n = 36) 2000 ng/mL 94.4% 80.0-99.0
ITT (n = 45) 75.6% 60.1-86.6
PP (n = 36) 4000 ng/mL 88.9% 73.0-96.4
ITT (n = 45) 71.1% 55.5-83.1

Cl: confidence interval; ITT: intention-to-treat analysis (including all patients and assuming a negative result in the event of missing
data, indicating that the lowest possible percentage of patients would present this parameter); PP: per-protocol analysis (only patients

for whom data are available).

identified intracranial haemorrhage (OR: 7.9; 95% Cl, 1.32-47.0) and
platelet count nadir < 50 000/uL (OR: 7.4; 95% Cl, 1.16-47.6) as
predictors of mortality (Supplementary material: Tables 3—5).

Discussion

This study presents the epidemiological and clinical data from a
series of cases of TTS associated with non-replicating adenoviral
vector vaccines reported to SEFV-H.

The incidence of TTS in Spain is between 1 case/1 000 000 and 1
case/100 000 doses administered, a similar rate to those reported
in other countries in our setting for both the AstraZeneca and the
Janssen vaccine, 1%~22 except among patients younger than 30 years,
probably due to the low rate of immunisation with these vaccines
in that age group.'"'3 The reporting rate for TTS in other coun-
tries ranges between 0.3-1.2 cases/100 000 doses administered for
the Janssen vaccine in the United States, and 1.28-1.53 cases/100
000 doses for the AstraZeneca vaccine in European countries, such
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Table 4 Thrombosis location as a function of the vaccine administered and positivity for anti—platelet factor 4 antibodies.
Variable Total series AstraZeneca Janssen P Anti-PF4 Anti-PF4 P
(n = 45) (n=37) (n=28) + (n =20) —
(n=15)
CVST 15 (33.3%) 12 3 (37.5%) 1.000 10 (50%) 5 (33.3%) .492
(32.4%)
SVT 12 (26.7%) 9 (24.3%) 3 (37.5%) .661 5 (25%) 4 (26.7%) 1.000
PTE 18 (40%) 15 3 (37.5%) 1.000 8 (40%) 7 (46.7%) 741
(40.5%)
DVT 7 (15.6%) 6 (16.2%) 1 (12.5%) 1.000 2 (10%) 3 (20%) .631
Cerebral haemorrhage 12 (26.7%) 8 (21.6%) 4 (50%) .181 8 (40%) 3 (20%) .281
Peripheral arterial 4 (8.9%) 3 (8.1%) 1 (12.5%) .557 2 (10%) 1(6.7%) 1.000
embolism
Ischaemic stroke 4 (8.9%) 1(2.7%) 3 (37.5%) .014 4 (20%) 0 (0%) .119
Other 4 (8.9%) 4 (10.8%) 0 (0%) 1.000 1 (5%) 1(6.7%) 1.000
Multiple thromboses 16 (35.6%) 10 4 (50%) .427 8 (40%) 6 (40%) 1.000
(31.3%)

Anti-PF4: anti—platelet factor 4 antibodies; CVST: cerebral venous sinus thrombosis; DVT: deep vein thrombosis; PTE: pulmonary throm-
boembolism; SVT: splanchnic vein thrombosis. Data were compared using the Fisher exact test; quantitative and qualitative variables
were compared with the t test (normally distributed variables, expressed as mean [standard deviation]) or the Mann-Whitney U test
(non—normally distributed variables, expressed as median [Q1-Q3]).

as the United Kingdom.?~22 Notification of adverse events related
to vaccines is the most agile and universal process for identifying
potential new risks. The main limitation of pharmacovigilance sys-
tems is undernotification, as only those cases that are reported by
healthcare professionals or members of the public are received and
processed. However, while notification presents a series of limita-
tions, it seems unlikely that physicians would fail to report such
severe and distinctive cases, which received considerable media
attention and were disseminated by AEMPS, the Spanish Ministry of
Health, the autonomous communities, and FACME. Therefore, the
cases reported and described in this study can be equated, with a
high degree of confidence, to the real incidence rate.

The risk of TTS associated with non-replicating adenoviral vec-
tor vaccines is greater in younger patients. Since the first analyses
by the European Medicines Agency (EMA)>'" and the United States
Food and Drug Administration (FDA),'? the number of cases of CVST
observed was reported to exceed the number of cases expected in
the general population; this observation is replicated in the present
series and in other studies.?3~2° This risk is particularly great among
the younger population; as a result, the availability of other vac-
cines using RNA technology, with no evidence of a risk of TTS, led to
a modification in the vaccination strategy, and non-replicating ade-
noviral vector vaccines were no longer recommended at younger
ages.'?

After pharmacovigilance systems were notified of the first cases
of TTS following administration of the first dose of the AstraZeneca
vaccine, the effect of the second dose was unknown. However, our
data and studies from other countries?®2® show that the risk of
TTS following the second dose is significantly lower, with an inci-
dence of 0.3 cases/ 100 000 doses administered for the AstraZeneca
vaccine in the United Kingdom.?> Negativisation of anti-PF4 anti-
bodies after the first dose of the AstraZeneca vaccine is reported
to take a median of 12 weeks.?” This may have implications in
countries where other vaccines are not available. The first series
of TTS survivors who received a second dose of the vaccine includes
no cases of new thrombotic events or thrombocytopenia following
re-exposure.28

A noteworthy characteristic of TTS is the delay in symptom
onset.2?30 Adverse events in the first days after vaccination are
reported in a very high percentage of patients; they tend to be
mild and transient, and to resemble those observed with other

vaccines.>'33 However, delayed onset appears to be a distinguish-
ing feature of TTS, as some minimum time is needed for the
responsible antibodies to be generated. Ninety-three percent of
patients presented TTS within 3-30 days, the timeframe initially
proposed as the period of greatest risk.' In our series, symptom
onset occurred earlier than this in one patient, and beyond 30 days
after vaccination in 2; all 3 were negative for anti-PF4 antibodies.

This is the first study to evaluate the precision of the main
laboratory parameters, platelet count and D-dimer level. Up to one-
fifth of patients may not present thrombocytopenia when they visit
the emergency department, and the platelet values established
as a cut-off point in the World Health Organization guidelines'®
appear to present low sensitivity (below 50%), both at the emer-
gency department and as the nadir value. However, D-dimer level
appears to be more sensitive; therefore, strong clinical suspicion
and combined evaluation of both parameters may improve diag-
nostic accuracy.’-3? This is particularly important in the light of the
potential delay in the availability of anti-PF4 antibody results, which
may take one or more days, meaning that this information cannot
always be taken into account when selecting the optimal treatment
and management for each patient.? 13,3435

Treatment of this syndrome requires the elimination of
anti-PF4 antibodies and the administration of anticoagulation
therapy.® 1718 Early detection has reduced mortality rates, 3¢ which
have decreased from 40% to 50% in early cases to 10% in cases
detected after the creation of management recommendations and
public awareness campaigns.3’ The syndrome sometimes presents
with headache with alarm signs, in addition to the other charac-
teristic features, including positivity for anti-PF4 antibodies, in the
absence of clear cerebral thrombosis.3®*" It should be noted that,
in our sample, headache was the most common initial symptom, and
was described by patients with thromboses in locations outside the
brain. In our study, presence/absence of intracranial haemorrhage
and platelet count were associated with differences in mortality
risk, as reported by other authors,3%:37-42 who also report fibrinogen
level and age.*

Given the similarity between TTS and heparin-induced throm-
bocytopenia syndrome, the use of non-heparin anticoagulants is
recommended.®? "> However, use of heparin anticoagulants was not
associated with higher mortality in our series. Recent data indicate
that, in 95% of patients, heparin competes with anti-PF4 antibod-
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Table 5 Treatments administered and outcome, as a function of the vaccine and presence/absence of anti—platelet factor 4 antibodies.

Variable Total cases AstraZeneca Janssen (n = 8) P Anti-PF4 + Anti-PF4 — P
(n = 45) (n=37) (n = 20) (n=15)

IVIG 19 (42.7%) 13 (35.1%) 6 (75%) .055 13 (65%) 5 (33.3%) .092
Heparin anticoagulants 8 (17.8%) 7 (18.9%) 1 (12.5%) 1.000 3 (15%) 4 (26.7%) .672
Non-heparin anticoagulants 29 (64.4%) 22 (59.5%) 7 (87.5%) 226 16 (80%) 10 (66.7%) .451
Platelet transfusion 2 (4.4%) 1(2.7%) 1(12.5%) .327 2 (10%) 0 (0%) .496
Steroids 9 (20%) 7 (18.9%) 2 (25%) .651 5 (25%) 3 (20%) 1.000
Mortality 11 (24.4%) 8 (21.6%) 3 (37.5%) .382 7 (35%) 2 (13.3%) .244

IVIG: intravenous immunoglobulins; PF4: platelet factor 4. Data were compared using the Fisher exact test; quantitative and qualitative variables were compared with the t test (normally

distributed variables, expressed as mean [standard deviation]) or the Mann-Whitney U test (non—normally distributed variables, expressed as median [Q1-Q3]).
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ies for the same binding site on platelet factor 4; this supports the
safety of the treatment.“3 Due to the considerable delay in receiving
results of the platelet function tests needed to confirm diagnosis,
non-heparin anticoagulants are recommended as the option of first
choice, if they are available.'>:3>

This study has certain limitations, as the data are taken from
spontaneous notifications, and may therefore be incomplete. To
minimise the impact of this problem, we made conservative esti-
mates and conducted an intention-to-treat analysis. The reporting
rate may be underestimated, with some cases not being reported
or diagnosed; however, we consider this unlikely in the light of the
great media attention that this complication attracted. The follow-
up period was variable, and some patients were still recovering at
the time of study inclusion; therefore, the data on prognosis may
not fully reflect the reality of this population.

Conclusions

The incidence of TTS in Spain is between 1 case/1 000 000 and
1 case/100 000 people immunised with non-replicating adenoviral
vector vaccines. It is more frequent in young adults (< 49 years),
and is characterised by the appearance of symptoms related to the
localisation of the thrombosis, with onset approximately 10 days
after vaccination. All patients present thrombocytopenia at some
point in disease progression, although this may not be observed at
the time of their visit to the emergency department. In these cases,
D-dimer level may be valuable in guiding diagnosis. Treatment
should aim to eliminate anti-PF4 antibodies and resolve throm-
bosis, preferably through the use of non-heparin anticoagulants.
One-quarter of patients died, and increased risk of death was asso-
ciated with severe thrombocytopenia and presence of intracranial
haemorrhage.
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