

[image: image1]
Case Report: Take a Second Look: Covid-19 Vaccination-Related Cerebral Venous Thrombosis and Thrombotic Thrombocytopenia Syndrome
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We present two cases of ChAdOx1 nCov-19 (AstraZeneca)-associated thrombotic thrombocytopenia syndrome (TTS) and cerebral venous sinus thrombosis (CVST). At the time of emergency room presentation due to persistent headache, blood serum levels revealed reduced platelet counts. Yet, 1 or 4 days after the onset of the symptom, the first MR-angiography provided no evidence of CVST. Follow-up imaging, performed upon headache refractory to nonsteroidal pain medication verified CVST 2–10 days after initial negative MRI. Both the patients received combined treatment with intravenous immunoglobulins and parenteral anticoagulation leading to an increase of platelet concentration in both the individuals and resolution of the occluded cerebral sinus in one patient.
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INTRODUCTION

In the current SARS-Cov2-pandemic, cerebral venous sinus thrombosis (CVST) associated with thrombotic thrombocytopenia syndrome (TTS) following vaccination with vector vaccines (by AstraZeneca- and Johnson & Johnson) is an intensely studied and hotly debated topic.

Here, we report two cases of TTS-associated CVST. Both the patients had verified TTS (according to the American Society of Hematology 2021 guideline), presented with refractory headache, and were investigated for CVST using CT and MR angiography. The initial scans of both patients were normal without evidence of CVST. Strikingly, follow-up imaging performed because of persistent headache, a few days after initial imaging, revealed significant CVST.

The report of this phenomenon is harboring significant implications for clinical routine. We believe this finding is unlikely to be unique and may potentially be overseen in current out-patients and in-hospital management of patients with TTS presenting with postvector-vaccination headache.



CASE DESCRIPTIONS

We present a 21-year-old male who had no relevant prior medical history or medication. A few hours after the first vaccination with ChAdOx1 nCov-19-vaccine, he developed flu-like symptoms with fever (38.0°C) and headache that lasted for 2 days. As the symptoms reappeared 8 days after vaccination, he was presented the following day to our hospital, with a complaint of malaise and fever. On physical examination, he showed no signs or symptoms. Laboratory testing revealed thrombocytopenia (135 G/l), elevated C-reactive protein (CRP) value (103 mg/l), and increased D-dimers (5.83 μg/ml) (Figure 1A depicts the time course of symptoms and relevant laboratory results). Covid-PCR testing was negative. Chest X-ray, urine status, and blood cultures showed no evidence of a specific infection, and the patient was started on empiric therapy with ampicillin/sulbactame. Because of elevated D-dimers and thrombocytopenia, he received weight-adjusted anticoagulation with enoxaparin. Diagnostic workup revealed no evidence of pulmonary artery embolism or thrombosis of peripheral veins. Cranial MRI with venous angiography was performed because of headache on day 12 following vaccination, providing insignificant findings (Figure 1B).
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FIGURE 1. (A) Time course of symptom onset, laboratory findings of platelet count (solid line)/D-Dimer (dashed line), and imaging studies. The x-axis represents the number of days after vaccination. (B–D) show sagittal contrast-enhanced T1-weighted MRI-sequences; (B) no evidence of thrombosis in the sagittal superior sinus at day 12 following vaccination; (C) thrombosis of the sagittal superior sinus (circle) at day 14 following vaccination; (D) regression of thrombosis at day 20 following vaccination.


With steady decreasing platelet concentration, enoxaparin was stopped after 4 days of therapy. The patient was discharged without medication on day 13 following vaccination with the diagnosis of infection of unclear etiology and differential diagnosis of a protracted vaccination reaction. One day later, the attending physicians were notified of a positive anti-platelet factor-4-(PF4)-ELISA. The HIPA-test, on the other hand, was negative with heparin but positive with AZD1222. Therefore, heparin-induced thrombocytopenia (HIT) type 2 was excluded by laboratory testing. The patient was immediately readmitted. The diagnosis of vaccination-related TTS was confirmed by flow cytometry. The patient complained of no new symptoms apart from the persisting headache. Because of the non-resolving headache, cerebral MRI was repeated (Figure 1C). There was thrombosis of the superior sagittal sinus, starting above the confluence and extending over approximately 29 mm to the inside of the right transverse sinus. Ischemia or intracerebral hemorrhage were not present. Meanwhile, the platelet count had reached its lowest value (57 G/l). D-dimers had increased to a maximum value of 6.63 μg/ml.

Anticoagulation with fondaparinux of 7.5 mg/d was started immediately and weight-adjusted intravenous immunoglobulins were applied for 2 days. Further course was without complications with an adequate increase in the platelet count. A follow-up of native cerebral CT examination, 16 days after vaccination, provided normal findings consistent with age. Twenty days after vaccination, cranial MRI with venous angiography showed partial recanalization of thrombosis (Figure 1D). A residual thrombus was found in the sagittal sinus beginning above the confluence measuring approximately 18 mm. From day 20 after vaccination, the headache was resolved. Anticoagulation was switched to dabigatran of 150 mg, two times, and the patient was discharged.

The second patient was a 63-year-old male who was presented under the suspicion of meningitis to a tertiary hospital. There was no relevant medical history or medication. He had experienced flu-like symptoms following the first ChAdOx1 nCov-19-vaccination 8 days ago. The day before, he experienced fever (39 °C), blurred vision, and headache. His general practitioner (GP) had diagnosed meningism and therefore started treatment with cefuroxime. Neurological examination was unremarkable. However, on the day of presentation, elevated D-dimer levels (25.9 μg/ml), thrombocytopenia (69 G/l), and CRP elevation (52.4 mg/l) were apparent (Figure 2A depicts the time course of symptoms and relevant laboratory results). Cranial MRI with venous angiography was performed and yielded insignificant findings (Figure 2B). A lumbar puncture could not be performed because of thrombocytopenia. Laboratory changes were attributed to the vaccination, and the patient was discharged.
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FIGURE 2. (A) Time course of symptom onset, laboratory findings of platelet count (solid line)/D-Dimer (dashed line), and imaging studies. The x-axis represents the number of days after vaccination. (B,C) show axial contrast-enhanced T1-weighted MRI-sequences: (B) no evidence of thrombosis in the left-sided lateral transverse sinus at day 8 following vaccination; (C) thrombosis in the left-sided lateral transverse (circle) sinus at day 18 following vaccination; (D) axial cranial CT showing a left-sided, space-occupying atypical intracranial hemorrhage (ICH) with subarachnoidal hemorrhage at day 21 following vaccination.


The following day, he was presented to a primary hospital with mild retroauricular pain on coughing, blurred vision, and a persisting headache. Clinical examination revealed no findings. Because of thrombocytopenia (31 G/l) and D-dimer elevation (104.8 μg/ml), the patient was admitted. The following day, a cranial CT with venous angiography was performed, which yielded normal findings. Because of the pathologic coagulation, parameters with simultaneous lack of evidence of manifest thrombosis (inconspicuous findings in venous CT-angiography, duplex sonography of peripheral veins, and abdominal sonography), anticoagulation with 7.5 mg of fondaparinux was initiated, which was discontinued 2 days later in favor of 2.5 mg of apixaban two times. A contrast-enhanced CT of the chest was performed on day 13 after vaccination when the patient complained of dyspnea, which showed bipulmonary peripheral pulmonary artery emboli. Full anticoagulation with apixaban (2 times, 10 mg) and 2 days of intravenous administration of weight-adjusted immunoglobulins were started.

On day 14 after vaccination, an immunologic examination confirmed TTS (positive antiplatelet factor-4-(PF4)-ELISA; HIPA-test and flow cytometry were positive with AZD1222 but was negative for HIPA-test with heparin). A new cranial CT was performed on the 17th day after vaccination because of headache and vertigo and showed no relevant changes. One day later, cranial MRI with venous angiography showed left-sided thrombosis in the internal jugular vein, sigmoid sinus, and lateral portion of the transverse sinus (Figure 2C). In addition, ischemia could be detected in the left cerebellar and the right high parietal and parietooccipital cortex. The patient was transferred to our hospital. On admission, neurological examination was insignificant. Anticoagulation with apixaban was switched to partial thromboplastin time (PTT)-controlled argatroban.

After 3 days, the patient vomited and presented anisocoria, right-sided hemiplegia, and aphasia. Cranial CT revealed a left-sided, space-occupying atypical intracranial hemorrhage (ICH) suitable for stasis bleeding in sinus thrombosis with concomitant subarachnoid hemorrhage (SAH) and marked midline shift (Figure 2D). On the same day, left-sided hemicraniectomy was performed. Postoperative cranial CT showed a regredient space-occupying effect of ICH with unchanged sinus thrombosis. To treat TTS, we administered 40 mg of dexamethasone and weight-adjusted immunoglobulins for 2 days. On the following day, the clinical condition of the patient declined. Despite the resumption of argatroban, mild hypothermia (36°C), administration of hypertonic saline, and deep analgesia, subsequent CT follow-up showed an increase in hemorrhage and perifocal edema with an increase in midline shift. On day 24 after vaccination, the patient had wide pupils and subfalcial and uncal entrapment and extracranial herniation throughout the craniectomy defects were visible on CCT. The patient died the next day.



DISCUSSION

Cerebral venous sinus thrombosis is an uncommon disease and occurs in younger patients. Risk factors are female gender, intake of oral contraceptives or hormone replacement therapy, pregnancy and puerperium, obesity, smoking, and thrombophilia. Symptoms usually develop gradually and consist of headache, focal symptoms, encephalopathy, and epileptic seizures. When CVST is suspected, thrombosis of cerebral sinus or veins can be identified by venous angiography with contrast-enhanced CT or MRI. Intracerebral hemorrhages, as a result of venous infarction, can be detected as well. In patients with confirmed CVST, anticoagulation with unfractionated or low molecular weight heparin is started, even in the presence of intracerebral hemorrhage. After initial parenteral anticoagulation, oral anticoagulation (usually vitamin k antagonists) is initiated for 3 to 12 months (1). Recently, dabigatran was identified as a safe alternative (2). Venous recanalization is achieved in 85% of patients, but there is only limited data on the temporal profile (3).

Cerebral venous sinus thrombosis following SARS-Cov2-vaccination has been reported following SARS-Cov2-vaccines in case reports and registers. It has also been reported in conjunction with messenger RNA (mRNA) vaccination against SARS-Cov2, but only in patients with vector vaccines, TTS was detected. CVST following mRNA-vaccination has been discussed as a background coincidence (4). In a German register, the incidence of CVST was significantly higher following AstraZeneca-vaccination as compared to the pre-SARS-Cov2-vaccination period, especially in women (5). A systematic review identified headache as the most common presenting symptom. Symptoms occurred within 1 week after the first dose of vaccination. Intracerebral hemorrhage or subarachnoid hemorrhage (SAH) was reported in 49% of the patients (6).

The phenomenon of thrombocytopenia and or HIT was retrospectively assessed in a database of 865 patients with CSVT from 1987 to 2018. Thrombocytopenia was reported in 8.4% and HIT in 0.1% of the patients. No patient had anti-PF4-antibodies (7). The rarity of these findings underlines the distinct type of vaccine-associated CVST. High mortality was described when this phenomenon occurred for the first time in literature (8). The presence of intracranial bleeding and a baseline platelet count below 30.000 were identified as independent predictors for mortality (9). Currently, mortality is thought to be declining, which could be explained by the rising knowledge of TTS-associated CVST (8).

Patients vaccinated with ChAdOx1 nCov-19 (10) (AstraZeneca) and the Ad26.COV2.S vaccine (Johnson & Johnson/Janssen) (11) can develop TTS that is thought to cause CVST. TTS has not been described in mRNA vaccines. The criteria for TTS were lately defined as follows: (a) COVID vaccine (Johnson & Johnson/Astra Zeneca) 4 to 30 days previously, (b) venous or arterial thrombosis (often cerebral or abdominal), (c) thrombocytopenia, and (d) positive PF4 “HIT” ELISA (12). The antibodies against PF4-polyanion complexes are thought to cause massive platelet activation and thrombocytopenia. In this prothrombotic state, patients might develop CSVT. The mechanisms seem to be similar to HIT (10, 13, 14). In HIT, it is recommended to start the patients on intravenous immunoglobulins (1 g/kg body weight daily for 2 days) and anticoagulation with argatroban, bivalirudin, danaparoid, fondaparinux, or a direct oral anticoagulant at a therapeutic dose. Heparin should be avoided (14). There are currently no guidelines for the duration of anticoagulation. As to the diagnosis, in TTS-associated CVST, the necessary imaging is of course the same as in non-TTS-associated CVST.

Headaches are common after COVID-19-vaccination and are usually resolved the next day. The recurrence of unprecedented headaches raises the suspicion of CVST. However, even though both the patients complained of persisting headaches, CSVT was not detected by initial imaging performed on day 8 and day 12 after vaccination, respectively. At the time of marked thrombocytopenia, a follow-up MRI finally revealed thromboses. Therefore, performing a single investigation is not sufficient in patients with persistent headaches following ChAdOx1 nCov-19-vaccination. We hypothesize that the persisting headache following vaccination might represent a state of ongoing thrombosis and auto-thrombolysis in the cerebral sinus veins. In comparison, patients with “common” CVST complain of headaches when thrombosis is present (1).

In our surviving patient, partial recanalization occurred earlier as would be expected in non-TTS-associated CVST and was associated with normalization of the platelet count. The mechanism in TTS-associated CVST represents an immunological phenomenon opposed to non-TTS-associated CVST that is usually caused by a congenital or acquired coagulopathy. This might explain why treatment with immunoglobulins, which interrupts the immunological reaction, leads to a prompt onset of recanalization. This is also different from “common” CVST, in which patients usually have to be treated with anticoagulants for many months (1).

A similar case has been described by Ikenberg et al. (15) who reported a young woman complaining of headache 7 days after ChAdOx1 nCov-19-vaccination. The initial MRI did not show any changes. A second MRI, 3 days later, showed extensive CVST. TTS was confirmed and the patient recovered after treatment with intravenous immunoglobulins and argatroban (15).

The clinical course and treatment of the patients were similar to the already reported cases, apart from the inconclusive first imaging. Physicians must be aware of this phenomenon when treating patients with headaches following vaccination and should repeat imaging in patients with thrombocytopenia and elevated D-Dimer. People undergoing vector vaccination for SARS-Cov2 should be educated by the physician administering the vector vaccine to seek help in case of non-remitting headache.

The risk for “occult” vaccine-associated CSVT seems to be low and when detected, the current treatment regime is thought to be effective. Given the mortality of SARS-Cov2-infection with possible long-term effects, vaccination should continue unchanged (16).



CONCLUSION

In patients with TTS complaining of persisting headache, a normal venous angiography might suggest a false sense of security for patients and treating physicians. Follow-up imaging several days later is necessary for patients with non-remitting headaches, to identify patients with CSVT and initiate the proper therapy to avoid a potentially fatal cause.
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