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Abstract

Diffuse alveolar haemorrhage (DAH) after a generalized tonic—clonic seizure is a
rarely described illness likely involving physical disruption of alveolar—capillary inter-
face similar to the mechanism of neurogenic pulmonary oedema. Based on our review
of the English literature, only 11 cases have been reported to date. Recognition of this
sparsely reported entity is important for optimal management, including avoidance of
medications that have been implicated in causing DAH. Current experience with two
additional patients with post-ictal DAH extends the reported experience to 13 and
summarizes what is, to our knowledge, the entire experience of such patients reported
in the English literature. This case report highlights the key aspects of clinical presen-
tation, radiological and pathological findings, clinical course and management impli-
cations with the goal of enhancing awareness of this condition by respiratory

clinicians.
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INTRODUCTION

Diffuse alveolar haemorrhage (DAH) following a seizure
(post-ictal DAH) is a recognized but sparsely reported
entity. Our recent experience with two patients whose post-
ictal DAH resulted in respiratory failure prompted us to
summarize the reported experience with post-ictal DAH to
enhance respiratory clinicians’ recognition and understand-
ing of this distinctive clinical problem.

CASE REPORT
Case 1

A 24-year-old male with a history of epilepsy, developmental
delay, sickle cell trait and alpha thalassemia minor presented
to the emergency room after having a generalized tonic-
clonic seizure with haemoptysis. He had experienced prior
episodes of haemoptysis and diffuse infiltrates, always follow-
ing a seizure, one of which prompted a bronchoalveolar

diffuse alveolar haemorrhage, Muller manoeuvre, negative-pressure pulmonary oedema, post-ictal

lavage and transbronchial lung biopsy at an outside hospital.
No evidence of infection or malignancy was found on analysis
of the lavage fluid, and the transbronchial biopsy showed
fragments of lung parenchyma ‘without significant pathologi-
cal findings’.

Laboratory evaluation showed a normal platelet count
(207,000/pl) and normal prothrombin time and partial
thromboplastin time. Anti-nuclear antibody, anti-neutrophil
cytoplasmic antibody and anti-glomerular basement mem-
brane antibody were negative. Anti-epileptic medications
included levetiracetam, clonazepam, perampanel and
zonisamide, but neither valproate nor carbamazepine. Con-
cern for airway protection prompted intubation in the emer-
gency room and he was admitted to the medical intensive
care unit (ICU), where bronchoscopy confirmed the diagno-
sis of DAH with progressive bloody return in serial lavages.
A computed tomography (CT) scan of his chest showed dif-
tuse bilateral infiltrates (Figure 1A). Echocardiogram on the
first day of admission was completely normal. After intuba-
tion, his oxygenation improved promptly, with reduction of
fraction of inspired oxygen (FiO,) from 1.0 to 0.3 and
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FIGURE 1
(A: Patient 1, B: Patient 2)

positive end-expiratory pressure from 10 to 5 cm H,O
within the first 12 h. Pending receipt of the outside pathol-
ogy report and the serologies sent on admission, initial man-
agement included administration of 1 g of
methylprednisolone daily for three consecutive days and
anti-epileptic medications. On Day 3, the patient was
extubated to nasal cannula (3 L/min) and oxygenated well
on room air by Day 4.

Case 2

An 18-year-old male with no significant past medical history
presented to the emergency room with haemoptysis imme-
diately following a first-time generalized tonic—clonic sei-
zure. He took no chronic medications and had never
previously taken valproate or carbamazepine. His pulse
oximetry oxygen saturation was 85% on room air for which
he required oxygen supplementation through nasal cannula
(4 L/min).

Laboratory evaluation showed a normal platelet count
(336,000/pl) and normal prothrombin time and partial
thromboplastin time. CT scan of his chest showed bilateral
diffuse opacities with slight prominence in the upper lobes
(Figure 1B). He underwent bronchoscopy on hospital Day
2 which confirmed DAH with progressive bloody return on
serial lavages. Echocardiogram on the second day was
completely normal. He was started on levetiracetam for the

Chest computed tomography images (with intravenous contrast) showing diffuse bilateral infiltrates due to diffuse alveolar haemorrhage

seizure and received two doses of antibiotics (ceftriaxone
and azithromycin) for possible community-acquired pneu-
monia; antibiotics were discontinued promptly as suspicion
of infection declined. No organisms were found in samples
from the bronchoalveolar lavage and a vasculitis work-up
was also negative (Table 1, Patient 2). Within 48 h following
admission, the patient no longer required supplemental oxy-
gen, with oxygen saturation above 95% on room air. On
Day 4, his chest x-ray showed complete resolution of the ini-
tial bilateral opacities (Figure 2).

DISCUSSION

Search of PubMed using search terms ‘diffuse alveolar
haemorrhage’, ‘seizure’ and ‘post-ictal’ and of papers cited
in the available reports yielded reports of 11 patients with
post-ictal DAH (Table 1'% the current patients (Patient
1 and Patient 2, Table 1) were included as 12th and 13th
patients to the reported experience. The mean age of the
13 patients was 27.5 years (range 18-41) and seven were
female. All patients had generalized tonic—clonic seizures
before experiencing DAH; in several patients (including
the current Patient 1), DAH recurred following multiple
seizure episodes. One patient expired after experiencing
anoxic encephalopathy.’ All others experienced rapid reso-
lution of infiltrates and rapid restoration of normal oxy-
genation; patent 1 was liberated from mechanical



3of5

POST-ICTAL DIFFUSE ALVEOLAR HAEMORRHAGE

(sanunuo))
2Inz1as
A< eAR3)
(1ve) —VNV Sape ye asn ajeordrea 10
4 85-+C are> aantoddns pue qgy  2anedoN —VONV €01 (TS1) —/9sT asnpIq Aprepowy  ourdozeweqreo oN  Asdajida AisaqO 4 1T 600T 01
2INZI3S
NGOV o195
(1ve) VYNV aseq o[ 10 asn deoxdfea 10
Y 89-¥¢ a1ed aanzoddns pue gy 2aneSoN -VONV 201 (V) —/65 jesopper)  Apjerpowwa]  surdazeuwreqies oN Awoyoaprofyy, d 1% L00T 6
2INZI128
—NdOV o A%)
(1ve) —VNV SIp[oRId oye asn ajeordrea 10
v 85-+C are> aantoddns pue qgy  2anedoN —VONV 71 (V¥) —/08 asnpIq Apyerpowry  surdazewreqreds oN Asdapdg W 61 000T 8
2InzIas Asdaqida
(shep ¢ x suojostupardidyowr —NIOV 21D spiduruawr
31) (1ve) —VNV Toye sady snonoIaqn}
w%ﬁ@ 1 UMOhwum vwﬁﬂnﬁ .—uﬁm aav w>ﬁa®uz —VONV Syl — — ~$UH§—UNEE~ M uﬁNS&EOUwQOZ .wO bOum_I W ¢¢ T110C ﬁﬁ
2INZIS
o159
(IveD) —VNV SIPPRId Toye
L Xqv ouidwn pue qgy - 2anesoN —VONV Sl (V) 94/8¢ 180D Aprerpowuy yuerdwod-uoN Asdapdy d 8¢ 00T 9
2Inz1as
OLS
(1ve) Toye
qeL aay  aanessN —VNV €yl (V) 88/LS saferasnyIq  Ayerpawug QUON QUON W 1T 8861 ]
2INZI3s
SOpEId D1O
ﬁmkuu-m—..—n— uwuwm
YL ondapda-nuy — - - (V) —/09 asngIq Appyerpswry  urojuepAyjduaydiq Asdandg N 6T SL61 ¥
qyesy aav j (V) —/8¢ 3
skep z -2 gy (ON) —/e11 -2
skep ¢ p X4V ‘agy p (V) —/9% P amzios
qo9e X4V ‘aav =" SIP[IRId eA%)
skep G 'q Xdv ‘agav q -q [e13e[1q 1oye [enqreqouayd (sopostda
Joam T e X4V ‘aqay e - — — - asngiq Apyerpowry  urojuepAyidusydiq Asdapdg 1 8¢ <6l J7®) . €
2INZIds
—NdOV AR
(1ve) —VNV Tyouoys Toye Aroysty
skep ¥ somOIQNUE JO $50p OM) pUE (OHY  dADESIN —VONV 9F1 (ONT¥) ¥6/—  Te3oreng Aprerpauruy SUON [eorpaur ysed oN W 8T 1c0z  (ziudmed) ¢
Jourwr
mwauwwmﬁmﬂﬁ
Y 7L urgum (8 d94d 9INZIds urdouopy eydpe 9ren
pajeqnixo (shep ¢ x —NOV %08 Ol SapeId 21D ‘uerdauoy 1[92 ap}o1s “Aejop
nq SurSewn suojostupaxdidyjow (1ve) —VNV JIOJRJUIA) [ex33e[1q 10he ‘Puedwersg [eyuawdopaasp
dn-moyjo5 oN 3 1) proxays aspnd pue qgy  danedaN —VDONV L'€1 001/1€1 asnyIq Aporerpaurtuy exddoyy “Asdanidg W ¥T 120C (1 1udneq) 1
uonnjosal Pa13JJ0 JuduIyeal], s)[nsax sanfeA (p/8) (%) uonernyes sSurpuy  sisfydowaey suornesIpaw A10)sTq [ROIPOly Iopudn oy Jedx (ousaayox)
srydexSorpex dn-yrom £L10ojeroqe] urqopSowsey /(SHww) ZQd UONBUIIEXD Jo jasuo sndapida judaneq
Jo Surur], SNOTIAYU]  SUNUIIOINY eotsAyd Aoy Jo Surury, -nue rotd jyo asn
oJeyrowaey JejoaAfe asnyIp [e3o1-}sod yIm ddousLradxa pajrodar jo Arewrwng 1 FTGV L



40f5

YOU anp STOLLER

(Continued)

TABLE 1

Timing of

Infectious
work-up

results

Autoimmune
laboratory

values

Key physical

Timing of
onset of

Use of prior anti-

epileptic

radiographic
resolution

Haemoglobin

examination PO, (mmHg)/

Patient

Treatment offered

(g/dl)

saturation (%)

findings

haemoptysis

medications

Year Age Gender Medical history

(reference)

24-48 h

AED and supportive care

11.6 ANCA— Negative

216/— (15 L)

Bilateral

No carbamazepine ~ Immediately

Obesity, epilepsy

F

2012 24

11°

(BAL)

ANA—

crackles

after

or valproate use

GTC

seizure

24-48 h

AED and supportive care

Negative

Immediately Bibasilar 71/— 2L) 9.3

No carbamazepine

Obesity, epilepsy

F

2012 24

12°

(BAL)

crackles
R>L

after

or valproate use

GTC

seizure

Expired from

AED and supportive care

Negative

Diffuse ECMO 10.8

Valproate level Immediately

Obesity, epilepsy

F

2013 26

13°

anoxic

(BAL)

bilateral

after

undetected

encephalopathy

crackles

GTC

seizure

Abbreviations: ABX, antibiotics; AED, anti-epileptic drug; AGBM, anti-glomerular basement membrane antibody; ANA, anti-nuclear antibody; ANCA, anti-neutrophil cytoplasmic antibodies; BAL, bronchoalveolar lavage; ECMO,

extracorporeal membrane oxygenation; FiO,, fraction of inspired oxygen; GTC, generalized tonic—clonic; NC, nasal cannula; PEEP, positive end-expiratory pressure; RA, room air.

“Patient 3 had six episodes of haemoptysis immediately following GTC seizure.

ventilation within 3 days. While serologic work-up for
other causes of DAH (e.g., glomerulonephritis with pol-
yangiitis, Goodpasture’s syndrome) were uniformly nega-
tive when reported, our first patient is unique in having
undergone transbronchial biopsy (during a prior hospitali-
zation at another hospital). The absence of any parenchymal
pathological abnormalities on that biopsy militates against
alternative explanations and favours traumatic rupture of the
alveolar—capillary interface as the cause of DAH in this set-
ting, presumably precipitated by the negative pressure of
inspiring against a closed glottis (i.e., a Muller manoeuvre)
during a tonic—clonic seizure.

The acute onset of respiratory failure and diffuse bilat-
eral infiltrates following a seizure invokes three main aetiol-
ogies: aspiration pneumonitis, negative-pressure pulmonary
oedema (e.g., produced by the prolonged Muller manoeuvre
prompted by the seizure) and post-ictal DAH.” The progres-
sively bloody bronchoscopic lavage in our patient establishes
diagnosis of DAH as the cause of our patient’s infiltrates.
The lack of pathological abnormalities on prior trans-
bronchial biopsy along with negative serologies, low suspi-
cion of vasculitis; and rapid resolution discounts alternate
explanations of DAH.

Post-ictal DAH is an uncommon cause of DAH. In the
largest antecedent available series, Contou et al. described
post-ictal DAH in six of 149 (4%) patients admitted to their
ICU over a 35-year interval.’

In contrast to the pathogenesis of negative-pressure pul-
monary oedema and neurogenic pulmonary oedema (which
may involve both hydrostatic and/or permeability abnor-
malities that allow fluid leakage into the alveoli’), DAH
likely involves physical disruption of the alveolar—capillary
interface. Negative intrathoracic pressure during a Muller
manoeuvre can exceed —100 cm H,0,° thereby expanding
the pulmonary capillary bed and potentially disrupting the
alveolar-capillary interface.

The importance of excluding alternative causes of
DAH in this setting relates to avoiding treatments that are
indicated with other aetiologies of DAH (e.g., steroids,
other immunosuppressive medications, plasmapheresis)
but not indicated in post-ictal DAH, where treatment
focuses on minimizing the seizure burden and avoiding
anticonvulsants (e.g., valproic acid, carbamazepine) that
have been implicated in causing alveolar haemorrhage.”™
Rapid radiographic resolution and improvement of oxy-
genation, often with only supportive care, characterize
post-ictal DAH and support a non-immunological mecha-
nism of bleeding.

DAH precipitated by a grand mal seizure is an uncom-
mon and sparsely reported entity; the current cases present,
to our knowledge, only the 12th and 13th reported cases in
the English literature. Our experience highlights the impor-
tance of respiratory clinicians’ recognizing this entity in
order to avoid therapies that are not indicated and focusing
attention on seizure avoidance as well as avoiding anticon-
vulsants (e.g., valproic acid, carbamazepine) that have also
been implicated in causing DAH.
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FIGURE 2 Rapid resolution of chest x-ray finding in Case 2 (A: Day 1, B: Day 4)
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