
Abstract
Introduction Postpartum cerebral angiopathy (PCA)

is a rare and pathophysiologically ill-characterized

cerebral vasoconstriction syndrome, occurring within

30 days of a usually uncomplicated pregnancy and

delivery. Its onset has been associated with the use of

vasoactive medications, particularly ergot alkaloids.

Other cases have occurred in the absence of these

medications, prompting conjecture into possible over-

lap between PCA and other conditions known to cause

cerebral vasoconstriction, including primary angiitis of

the central nervous system and postpartum eclampsia.

The vast majority of cases follow a relatively benign

course; however, a fatal case has been reported. His-

topathologic findings in PCA, so far limited to the fatal

case and two more recent biopsies, have been non-

specific.

Objective Here we present a second fatal case of

PCA, including pre- and post-mortem histopathologic

analysis. We also include a review of all PCA cases

reported in the English literature.

Methods Criteria for the clinical diagnosis of PCA

are proposed and used to select case reports from the

medical literature. Data pertaining to patient charac-

teristics, clinical symptomatology, cerebral imaging

findings, and clinical outcomes are compared between

cases associated with the postpartum use of vasoactive

medications and spontaneous cases.

Conclusions We conclude that histopathologic find-

ings in PCA are nonspecific and secondary to ischemic

brain injury. Functional vasoconstriction is the most

likely primary pathophysiologic process in PCA. The

etiology in cases associated with medications may be

due to idiosyncratic reactions to these agents. Signifi-

cant overlap in symtomatology and clinical features

exists between spontaneous cases and late postpartum

eclampsia.

Introduction

Postpartum cerebral angiopathy (PCA) is a rare and

pathophysiologically ill-characterized cerebral vaso-

constriction syndrome occurring within 30 days of a

usually uncomplicated pregnancy and delivery. The

handful of reported cases share a primary clinical

manifestation of refractory headache accompanied by

focal neurological deficits and sometimes seizures.

The onset of PCA has been associated with the

postpartum use of vasoactive medications, especially

ergot alkaloids, with bromocriptine being particularly

implicated (Comabella et al. 1996; Iffy et al. 1996;

Janssens et al. 1995). Numerous other cases have been

reported in the absence of such medication use. Vari-

ous authors have conjectured that these latter cases

may be a manifestation of postpartum eclampsia (PPE)

(Chang 2000; Donaldson 2000; Raps et al. 1993), a
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benign variant of primary angiitis of the central ner-

vous system (PACNS) (Calabrese et al. 1993; Sugiya-

maet al. 1997; Ursell et al. 1995;Yasuda et al. 1993),

unusual reactivity to the postpartum hormonal milieu

(Al-Sous et al. 1998; Calado et al. 2004; Comabella

et al. 1996; Geocadin et al. 2002), or postpartum mi-

graine (Comabella et al. 1996; Modi and Modi 2000).

The outcome is usually good, with complete reso-

lution of cerebral vasoconstriction within days to

weeks, and complete to near-complete resolution of

clinical symptoms within weeks to months. However,

cases resulting in permanent neurological deficits, as

well as a single fatal case (Geraghty et al. 1991), have

been reported.

When performed, cerebral angiograms and trans-

cranial doppler ultrasonography (TCD) of patients with

PCA almost uniformly show multi-segmental cerebral

vasoconstriction and corresponding increased blood

flow velocities, respectively (Bogousslavskyet al. 1989;

Ursell et al. 1995; Zunker et al. 2002). Typically, these

findings reverse as clinical symptoms resolve. The close

correlation between symptom resolution and reversal

of vascular findings suggests transient vasoconstriction

as the primary pathophysiologic process in PCA (Ursell

and Marras et al. 1995). However, because vasocon-

striction and increased blood flow velocity are also

consistent with vasculitis, the potential role of this latter

process remains an open question (Calabrese et al.

1992; Calabrese and Mallek 1988; Calado et al. 2004;

Yasuda et al. 1993; Zunker et al. 2002).

Histopathologic examination of tissue from PCA

cases has been limited to the previously mentioned

fatal case (autopsy), and biopsies from two more recent

cases (Calado et al. 2004; Song et al. 2004) from which

the patients variably recovered.

Here, we present a second fatal case of PCA,

including findings from pre- and post-mortem histo-

pathologic tissue evaluation. We also include a review

of all PCA cases reported in the English literature.

Case presentation

A previously healthy 40-year-old woman, gravida 4,

para 2, abortus 2, presented to a community hospital

with a five-day history of severe pounding headache

associated with nausea. Seven days earlier she had

undergone successful, induced vaginal delivery of a

healthy infant under epidural anesthesia, performed

five weeks prematurely due to nonreassuring fetal

heart decelerations. Apart from mild, diet-controlled

gestational diabetes, the pregnancy was uneventful.

History for recent illicit drug use and peripartum use of

ergot-derivied or sympathomemetic medication was

negative. The patient had a remote history of migraine-

type headaches as a teenager, which resolved without

recurrence after vision correction with eyeglasses. She

had a long-standing one pack per day smoking history,

and a history of alcohol abuse with 2 years of sobriety

preceding this presentation.

On presentation, her blood pressure was 165/

88 mmHg (later, dropping to 150/79) with a pulse rate

of 78 beats per min and temperature of 37.1�C. Phys-

ical examination was otherwise unremarkable. Apart

from marginally decreased hemoglobin (11 mg/dl) and

hematocrit (34.4%), all laboratory values, including

cerebrospinal fluid evaluation, were within normal

limits. Computed tomography (CT) scan of the brain

showed mild subcortical white matter enhancement in

the left frontotemporal and parietal cortices, which

were interpreted as possible indicators of meningitis or

cerebritis. The patient was started on intravenous cef-

triaxone and acyclovir, as well as ketorolac and mor-

phine for pain control. On the following morning the

patient developed a sudden-onset left hemiparesis with

declining mental status and seizures. At that point she

was transferred to our university hospital for further

evaluation and management.

Repeat CT and magnetic resonance (MR) imaging

of the brain showed a five-centimeter intraparenchy-

mal hematoma in the right frontal lobe, bilateral

occipital lobe hypodensities consistent with infarction,

and no indications of venous thrombosis (Fig. 1a). The

patient was started on high-dose methylprednisalone,

phenytoin, and calcium channel blockers, with initial

resolution of seizure activity and improvement in

mental status. On hospital day-two (8 days after

symptom onset) a cerebral angiogram revealed diffuse

vasoconstriction involving mainly bilateral anterior

and middle cerebral and basilar arteries (Fig. 1b, c).

The following day, resumed decline in mental status

with seizure activity and posturing consistent with

impending herniation prompted neurosurgical evacu-

ation of the right frontal hematoma. At surgery, the

brain was noted to be severely edematous and herni-

ating through the craniotomy site. Histologic evalua-

tion of cerebral tissue included with the evacuation

specimen showed hypoxic-ischemic changes with acute

and subacute infarction, focal fibrin thrombi, and no

evidence of vasculitis or infection (Fig. 2).

The patient’s postoperative neurological status

failed to improve. The following day, transcranial du-

plex Doppler ultrasonography showed high-velocity

blood flow in the left anterior and bilateral middle

cerebral and basilar arteries, consistent with continued

vasoconstriction. Cyclophosphamide and magnesium
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were added to the patient’s medications, and mannitol

infusion was started, to mitigate increasing intracranial

pressure. However, repeated CT and MR imaging

showed increasing cerebral edema and multiple new

hypodensities consistent with infarction in supra- and

infra-tentorial brain regions (Fig. 3a–d). By this time

the patient’s pupils were fixed and dilated and brain-

stem reflexes were severely truncated. An apnea test

was performed, and the patient was subsequently de-

clared brain dead, fourteen days postpartum, 12 days

after the initial onset of symptoms.

A brain-only postmortem examination showed

markedly increased brain weight at 1,720 grams (nor-

mal 1,200) and diffuse gyral flattening, consistent with

massive cerebral edema. The premortem craniotomy

site with herniating hematoma bed was prominently

evident. Also present were the bilateral uncal and

cerebellar tonsilar notching, consistent with hernia-

tions at those sites. On cut section, cerebral gray matter

was generally pale with diffuse obscuring of the gray-

white junction; and the lateral and third ventricles were

compressed and obliterated.

Microscopic findings (Fig. 4a–c) confirmed multiple

acute and subacute infarctions primarily involving

bilateral frontoparietal and occipital cortices and the

cerebellum. Focal necrosis of the anterior pituitary was

also noted. Stains for microorganisms were negative.

Apart from copious perivascular margination and dia-

pedesis of inflammatory cells in vessels associated with

areas of infarction, no vasculitis or other vascular

abnormalities in large or small vessels were present.

Review of literature

Methods

A PubMed (http://www.pubmed.gov) literature search

was conducted, using permutations of the search term

‘‘postpartum cerebral angiopathy’’, augmented by

search results from the ‘‘Related Articles’’ tool and

manual review of selected articles referenced in case

reports included in the final review. As there are no

established diagnostic criteria for PCA, the diagnostic

Fig. 1 (a) MRI showing intraparenchymal hematoma in the right frontal lobe. Cerebral angiograms of right internal carotid (b) and
vertebrobasilar (c) arteries showing smooth (arrows) and beaded (triangles) areas of vasoconstriction

Fig. 2 Cerebral tissue from hematoma evacuation showing fibrin
thrombi secondary to acute and subacute ischemic injury, and no
evidence of a primary vasculopathy. (Hematoxylin and eosin,
high power)
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criteria proposed by Calabrese and Furlan et al. (1992);

Calabrese and Mallek (1988), for the diagnosis of pri-

mary angiitis of the central nervous system were

modified to identify cases for the present review. For

inclusion cases required: (1) Acute onset of neurolog-

ical symptoms within 0–30 days postpartum; (2) cere-

Fig. 3 CT scans before (a)
and after (b) hematoma
evacuation showing edema
with midline shift and sulcal
effacement, and multiple
areas of hypodensity
consistent with infarction.
MR images demonstrating
widespread infarction in
supratentorial (c) and
infratentorial (d) brain
regions

Fig. 4 Photomicrographs from brain-only autopsy. Large menn-
ingeal vessels (a, hematoxylin and eosin, low power) were
uniformly intact and without evidence of vasculitis, thrombosis,
or other vasculopathy. Intraparenchymal arterioles and capillar-
ies (b, hematoxylin and eosin, high power; c, hematoxylin and
eosin, medium power) near areas of infarction showed marked

inflammatory cell infiltration and margination, and were
otherwise normal. Numerous areas of acute and subacute
infarction—here (c) examplified by cerebellum with inflamma-
tion and pyknotic Purkinje cells—as well as tonsilar and uncal
herniation, were present
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bral vasoconstriction within that time period docu-

mented by angiography or TCD; and (3) exclusion of

other pathology to which the clinical symptoms and

cerebral imaging could be secondary, including cases

which fully met conventional criteria for intrapartum

or postpartum preeclampsia or eclampsia. Cases were

categorized as ‘‘medication-related’’ if vasoactive

medications had been used during the postpartum

period. If no record of such medication use was pres-

ent, cases were categorized as ‘‘spontaneous.’’

Results

Using the above criteria, review of the English litera-

ture revealed 33 reports published since 1984 describ-

ing 45 cases of PCA. The data, including the present

case, are presented in Tables 1, 2 and 3.

Twenty-seven (58%) PCA cases were spontaneous

(S) (Akins et al. 1996; Ellison et al. 1988; Geocadin

et al. 2002; Geraghty et al. 1991; Kubo et al. 2002;

Langloiset al. 1989; Lee et al. 1999; Raps et al. 1993;

Singhal 2004b; Song et al. 2004; Sugiyama et al. 1997;

Ursell et al. 1998; Yasuda et al. 1993; Zunker et al.

2002], and 19 (42%) were medication-related (MA)

(Al-Sous et al. 1998; Barinagarrementeria et al. 1992;

Bogousslavsky et al. 1989; Comabella et al. 1996;

Crippa et al. 2000; Garner et al. 1990; Granier et al.

1999; Henry et al. 1984; Iffyet al. 1996a; Ihara,et al.

2000; Janssenset al. 1995; Konstantinopoulos et al.

2004; Kuliget al. 1991; Modi and Modi 2000; Raroque

et al. 1993; Roh and Park 1998; Sekimoto et al. 2002].

Among MA cases, 17 (89%) were associated with the

use of ergot alkaloids: 12 (63%) with a single agent,

including 3 associated with bromocriptine, 3 with erg-

ometrine, 2 with methylergonovine, and 1 each with

dihydroergotamine, ergonovine, lisuride, and methy-

lergoline. Five cases (26%) were associated with the

use of two agents, including two cases combining an

ergot derivative with a sympathomemetic (bromocrip-

tine and isometheptene, and bromocriptine and phen-

ylpropanolamine), two cases combining two ergot

alkaloids (methylergonovine and bromocriptine, and

methylergonovine and dihydroergotoxine), and one

case combining an ergot derivative with a serotonin

agonist (dihydroergotamine and sumatripan). The

remaining two MA cases (11%) involved the use of

isometheptene alone. The mean age of all patients was

29.2 years (± 6.6). Five (11%) patients had a history of

migraine. Twelve (26%) were nulliparous at the time

of delivery, and an equal number had Cesarean sec-

tions. A greater proportion of MA cases had epidural

anesthesia during delivery. Twenty-nine reports in-

cluded blood pressure measurements at presentation.

Individual values were categorized as ‘‘mild’’ or ‘‘se-

vere’’ according to established convention (Gary

Cunningham et al. 2005). When only qualitative char-

acterizations of presenting blood pressure were pro-

vided (‘‘normotensive,’’ four S cases and one MA case;

and ‘‘hypertensive,’’ three S cases and one MA case),

they were categorized as ‘‘none’’ and ‘‘hypertensive,’’

respectively. Medication-related cases had a mean

earlier onset of symptoms, with a much smaller range

and degree of variability. For MA cases, the mean

interval of drug commencement to symptom onset (not

shown in Table 1) was 2.1 days (± 2.6 days), with a

minimum interval of minutes (ergonovine and methy-

lergometrine), and maximum of 9.5 days (bromocrip-

tine). Headache and seizure were the two most

common presenting symptoms in both groups. Visual

symptoms ranging from blurred vision to cortical

blindness, mental status changes, and speech distur-

bances were more common in MA cases. Paresis and

hyperreflexia were more common in S cases. Forty-

three (93%) patients presented with two or more

symptoms. During the course of illness, three S cases

and one MA case progressed to coma; four S cases and

one MA case progressed to seizures; and three MA

cases and one S case progressed to paresis. Information

about the duration of symptoms (not shown in tables)

was reported for approximately half of the cases in

each group. The mean for MA cases was 12.9 days

(± 9.3, range 4–35), and for S cases 15.5 days (± 11.2,

range 5–32).

The results of cerebral imaging are presented in

Table 2. All patients who underwent cerebral angiog-

raphy (either conventional or MR angiography) or

TCD demonstrated cerebral vasoconstriction. Where

the arteries involved were specified, the main branches

of the Circle of Willis were involved in a majority of S

cases, with the posterior cerebral arteries most fre-

quently involved. The middle cerebral artery was most

commonly involved among MA cases, with one half

also involving the vertebrobasilar system (compared to

a third of S cases). Approximately two-thirds of pa-

tients in each group were studied with MRI. A

majority of S cases and half of MA cases showed

abnormalities, most frequently involving the occipital

or parieto-occiptial lobes. An equal proportion

(approximately 25%) of S and MA cases had intrace-

rebral hemorrhages by CT or MRI, while a greater

proportion of S cases had cerebral infarction. Two-

thirds of infarctions in both groups occurred in the

occipital or parieto-occiptial cortex, while other corti-

cal areas, including watershed zones, were involved

equally as often in S cases.
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The vast majority of patients in both groups had

favorable outcomes (presented in Table 3), with com-

plete to near-complete resolution of symptoms. One S

case recurred in a subsequent pregnancy, with resolu-

tion of symptoms in the interim. Two fatal cases,

including our case, were among the S group.

Discussion

The present case represents the second reported fatal

case of PCA [Geraghty et al. 1991], and one of only

four reported cases which have included histologic

evaluation of cerebral tissue (Table 4) . The setting,

initial clinical course, and cerebral imaging findings in

both fatal cases were typical of other reported cases of

PCA. However, whereas most cases followed a rela-

tively benign course, with complete to near-complete

resolution of symptoms within weeks of presentation,

these two cases were atypically severe and progressed

unremittingly to brain death despite aggressive thera-

peutic measures. Postmortem histopathologic findings

in both cases were nonspecific. The marginal vascular

abnormalities found by Geraghty et al.—slight intimal

Table 1 Comparison of
patient characteristics
between reported cases of
spontaneous and medication-
associated PCA

aFive patients were exposed
to two medications
(dihydroergotamine and
sumatripan,
methylergonovine and
bromocriptine,
methylergonovine and
dihydroergotoxine,
bromocriptine and
isometheptene, and
bromocriptine and
phenylpropanolamine)
bDihydroergotoxine,
ergonovine, lisuride,
methergoline,
phenylpropanolamine,
sumatriptan

Spontaneous
27 cases

Associated with vasoactive
medications 19 casesa

Bromocriptine 6
Methylergonovine 4
Isometheptene 3
Ergometrine 3
Dihydroergotamine 2
Otherb 6

Age
Range 14–42 20–39
Mean (SD) 29.6 (7.0) 28.7 (6.1)
History of migraine (%) 2 (7) 3 (16)
Current tobacco smoker (%) 1 (4) 1 (5)
Primaparous (N N providing

information) (%)
4/13 (31) 8/16 (50)

Multiple pregnancy (%) 3 (11) 0
Epidural anesthesia (%) 2 (7) 6 (32)
Cesarean section (%) 6 (22) 6 (32)
Blood pressure at presentation N 15 N 14
Mean systolic (SD) 159.9 (28.9) 156.8 (28.2)
Mean diastolic (SD) 91.9 (14.5) 93.6 (13.7)
Hypertension at presentation (%) N 22 N 16
None (quantified or not quantified) 6 (27) 4 (25)
‘‘Hypertension’’ not quantified 3 (14) 1 (6)
Mild (systolic ( 140 or diastolic ( 90) 3 (14) 4 (25)
Severe (systolic ( 160 or diastolic ( 110) 10 (45) 7 (44)

Symptom onset (days postpartum)
Range 0–30 0–10
Mean (SD) 9.6 (8.0) 5.1 (2.9)

Presenting symptoms (%)
Headache 24 (89) 19 (100)
Seizures 12 (44) 8 (42)
Paresis 9 (33) 4 (21)
Cortical blindness or other

visual disturbance
7 (26) 8 (42)

Hyperreflexia 5 (19) 1 (5)
Nausea and/or vomiting 6 (22) 2 (11)
Confusion or decreased level

of consciousness
5 (19) 7 (37)

Speech distrubance 2 (7) 4 (21)
Gait distrubance 2 (7)
Photophobia 2 (11)
Dyscalculia 1 (5)
Status eptilepticus 1 (5)
Coma 1 (4) 1 (5)
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thickening and focal disruption of the elastic lam-

ina—were not found in the current case. A more recent

case (Calado et al. 2004) including histologic evalua-

tion of letomeningeal and cerebral biopsies reported

small-vessel vasculitis, which was thought likely sec-

ondary to prolonged arterial constriction. Another case

(Song et al. 2004) describes biopsy findings of focal

perivascular chronic inflammation in the absence of

vasculitis or other vascular pathology. While copious

inflammatory infiltrates in cerebral vessels associated

with infarction were evident in the present case, vas-

culitis was not identified. Fibrin thrombi in vessels in

cerebral tissue included with a premortem hematoma

evacuation likely occurred secondary to adjacent tissue

injury.

Taken together, no anatomic abnormalities to ac-

count for sustained cerebral vasoconstriction were

identified in any of the four cases that have included

direct evaluation of brain tissue. The histologic changes

that were identified likely occurred secondary to

cerebral ischemia and injury. The absence of anatomic

vascular pathology coupled with the findings of cere-

brovascular studies strongly suggests the primary

pathophysiolgic process in PCA is functional vaso-

constriction. This process seems to be reversible in the

vast majority of cases.

Table 2 Comparison of cerebral imaging findings between reported cases of spontaneous and medication-associated PCA

Cerebral imaging
abnomalities (%) (N postive/N investigated)

Spontaneous, 27 cases Associated with vasoactive
medications, 19 cases

Vasoconstriction by cerebral angiography 24/24 (100) 18/18 (100)
Location (N/N specifying location)
Anterior cerebral artery (R/L/bilateral) 7/13 (54) 3/12 (25)
Middle cerebral artery (R/L/bilateral) 9/13 (69) 8/12 (67)
Posterior cerebral artery (R/L/bilateral) 10/13 (77) 5/12 (42)
Vertebrobasilar arteries 4/13 (31) 6/12 (50)
Internal carotid artery (R/L/bilateral) 3/13 (23) 2/12 (17)
Increased flow velocities by TCD 12/12 (100) 4/4 (100)
Hyperintensities by MRI 14/17 (82) 6/12 (50)
Location (N/N specifying location)
Occiptial or parieto-occipital lobe 5/8 (63) 4/6 (67)
Frontal lobe 2/8 (25) 0/6
Temporal lobe 2/8 (25) 1/6 (17)
Parietal lobe 1/8 (13) 1/6 (17)
Subcortical cerebral hemisphere 2/8 (25) (basal ganglia and not specified) 2/6 (33) (both thalamus)
Infratentorial 2/8 (25) (cerebellum and not specified) 0/6
Hypointensities by CT 0/11 6/14 (43)
Location (N/N specifying location)
Subcortical cerebral hemisphere 3/5 (60)
Frontal cortex 2/5 (40)
Occipital cortex 1/5 (20)
Intracerebral hemorrhage by CT or MRI 6/24 (25) 5/19 (26)
Location [N/N specifying location]
Frontal or frontoparietal lobe 3/7 (43) 3/5 (60)
Occiptial or parieto-occipital lobe 3/7 (43) 1/5 (20)
Subcortical cerebral hemisphere 1/7 (14) (putamen) 2/5 (40) (both caudate)
Cerebral infarction by CT or MRI 6/24 (25) 3/19 (16)
Location (N/N specifying location)
Occiptial or parieto-occipital lobe 3/5 (60) 2/3 (66)
Frontal or frontoparietal lobe 3/5 (60) 0/3
Cortex–watershed 3/5 (60) 1/3 (33)
Subcortical cerebral hemisphere 0/5 1/3 (33)
Infratentorial 1/5 (20) (cerebellum) 0/3

Table 3 Comparison of patient outcomes between reported
cases of spontaneous and medication-associated PCA

Outcomes (%)(N providing
outcome information)

Spontaneous:
N 25

Associated
with vasoactive
medications:
N 18

Complete or
near-complete recovery

22 (88) 17 (94)

Residual neurological
deficitsa

1 (4) 1 (6)

Death 2 (8)

aParesis (both cases), seizure disorder, and visiospacial deficit
(spontaneous case)
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The etiology of vasoconstriction in PCA is unclear.

It has been suggested that idiosyncratic heightened

sensitivity of the neurovasculature to the vasoactive

effects of some medications may be causative in cases

associated with the postpartum use of these agents

(Comabella et al. 1996; Crippa et al. 2000; Granier

et al. 1999; Janssens et al. 1995; Raroque et al. 1993;

Roh and Park 1998). Bromocriptine in particular has

been implicated in a wide range of adverse events in

the peuperium, seemingly mediated by vasoconstric-

tion (Iffy et al. 1996a; Iffy et al. 1996b; Iffy et al. 1998;

Janssens et al. 1995). These events include postpartum

hypertension, seizures, cerebrovascular accidents,

myocardial infarction (Iffy et al. 1998), and acute renal

failure (Makdassi et al. 1996). According to one source

(de Jong-van den BergL. and Mintzes 1995), between

1980, when the use of bromocriptine for postpartum

lactation suppression was introduced, and 1994, 531

adverse events, including 32 deaths, were reported

among US women of child-bearing age, following

bromocriptine use. Indeed, during our literature review

we encountered numerous case reports and case series

describing such events. These cases generally followed

a clinical course very similar to PCA and displayed

parallel cerebral imaging findings. However, the vast

majority of cases did not document cerebral vasocon-

striction, and thus, were not included in the present

review. Numerous other reports were identified in the

non-English literature. Largely due to concern over

adverse events, in 1995 the FDA withdrew approval for

the use of bromocriptine for postpartum lactation

suppression. However, it is worth noting that signifi-

cant controversy exists regarding this implicated cau-

sation, with other authors contending that adverse

events are more likely related to pre-existing risk fac-

tors or the concomitant use of bromocriptine and other

medications (Herings and Stricker 1995; Morgans

1995). While the present review excluded cases with

significant preexisting morbidity, we did find that only

a minority of MA cases were associated with bromo-

criptine, and those that were involved a second agent

equally as often as bromocriptine alone. This result is

similar to an FDA bulletin in 1984 (No authors listed

1984), initially raising the concern of possible adverse

events, which cited 6 of 17 patients who suffered ad-

verse events while taking bromocriptine were also

receiving other drugs which could have contributed. It

is also noteworthy that, in the present review, cases

involving bromocriptine alone had a mean onset of

6.8 days (± 2.4; range 5–9.5) after commencing the

drug, while those involving bromocriptine and another

agent had a mean onset of 0.33 days (± 0.57; range 0–

1), and cases involving non-bromocriptine ergot alka-

loids had a mean onset of 2.4 days (± 2.2; range 0–7).

This raises the question of whether bromocriptine,

while perhaps alone capable of stimulating vasocon-

striction in some patients with prolonged exposure,

may also sensitize the cerebral vasculature to the

vasoconstrictive effects of other agents. This has been

suggested as a possible vasospastic mechanism for

other ergot derivatives (Sekimoto and Kunishige et al.

2002). The postpartum state may also somehow

potentiate sensitization in susceptible patients (Coma-

bella et al. 1996; Granier et al. 1999; Ihara et al. 2000).

Alternatively, cerebral vasoconstriction in these pa-

tients may be incidental to the postpartum setting, a

possibility further suggested by the observation of

cerebral vasoconstriction associated with similar med-

ications in nonpeuperal settings (Callet al. 1988; Sing-

hal 2004a).

As suggested by some authors (Akins and Levyet al.

1996; Donaldson 2000), cerebral vasoconstriction in

spontaneous PCA cases may fall within the spectrum

of postpartum eclampsia. While a review (Leitch et al.

1997) of eclampsia occurring at a large UK hospital

over a 60-year period showed a significant overall de-

Table 4 Reported cases of PCA including histologic evaluation of cerebral tissue

Case Clinical features Specimen Histologic findings

Geraghty et al. (1991) Patient: 27, gravida 1 para 1
Onset: Spontaneous
Outcome: Death

Brain-only autopsy Acute cerebral infarction
Slight focal vascular intimal thickening
Focal disruption of elastic lamina (vert. artery)

Calado et al. (2004) Patient: 33, gravida 3 para 3
Onset: Spontaneous
Outcome: Complete resolution

Cerebral biopsy Microangiopathic inflammatory infiltrates and
fibrinoid necrosis (presumed secondary to
prolonged vasoconstriction)

Focal perivascular hemorrhage and necrosis
Song et al. (2004) Patient: 42

Onset: Spontaneous
Outcome: Complete resolution

Cerebral biopsy Microglial nodules
Perivascular chronic inflammation

Williams et al. Patient: 40, gravida 4 para 2
Onset: Spontaneous
Outcome: Death

Brain-only autopsy Acute and subacute cerebral infarction with
associated inflammation

No evidence of vascular abnormality

74 Arch Gynecol Obstet (2007) 275:67–77

123



crease in incidence, there was a relative increase in the

incidence of eclampsia in the postpartum period,

comprising around half of all the cases. Approximately,

over the past decade, increasing attention has been

drawn to the occurrence of late postpartum eclampsia

(PPE), with onset between 2–30 days postpartum

(Chames et al. 2002; Dziewas et al. 2002; Felzet al.

2000; Lubarsky et al. 1994; Martin and Sidman 2003;

Mathew et al. 2003; Matthys et al. 2004; Newbould

2002). A recent case series (Chames et al. 2002) found

that, of 89 total cases of eclampsia over a 5-year period

(1996–2001), fully a quarter (23/89) developed > 48 h

postpartum. Similarly, an earlier study (Lubarsky et al.

1994) found that from 1977 to 1992, 16% (54/334) of

eclamptic patients in the study population presented

two or more days after delivery. Some authors (Leitch

et al. 1997) conjecture that the occurrence of eclampsia

in the late peuperium may be due to a difference in the

factors associated with ante/intrapartum and post-

partum eclampsia. Perhaps supporting this view is the

observation, that only 22 and 56%, respectively, of

women in the above studies had been diagnosed as

preeclamptic (Chames et al. 2002; Lubarskyet al. 1994).

Other investigators (Chang 2000; Dziewas et al. 2002;

Martin and Sidman 2003; Mathew et al. 2003; Veltk-

amp et al. 2000) have noted that classic manifestations

of eclampsia, including hypertension and proteinuria,

are not always present in cases of late postpartum

onset. This of course begs the nosological question of

whether these patients’ diagnoses have been properly

classified, which fuels some controversy over the exis-

tence of late PPE. Nonetheless, numerous similarities

in the clinical course, response to treatment, and out-

comes between classic eclampsia and late PPE strongly

suggest related etiologies. Likewise, striking similari-

ties involving the clinical setting, signs and symptoms,

responses to treatments, and outcomes exist between

PPE and PCA. Indeed, in the present review, 73% (16/

22) of patients with spontaneous PCA were hyperten-

sive at presentation, with over half in the severe range;

of the 21 reports including urinalysis results, 4 (19%)

noted proteinuria; and as already mentioned, seizures

were initially present in 12/27 (44%) cases, and an

additional four cases progressed to seizures during

their course of illness. Further implicating a connection

between PCA, PPE and classic eclampsia, numerous

investigators (Bartynski and Sanghvi 2003; Farine et al.

1984; Qureshi et al. 1996; Ringer et al. 2001; Sengar

et al. 1997; Trommer et al. 1988) have found cerebral

vasoconstriction, particularly involving the posterior

circulation, to commonly accompany eclampsia, both

in classic and late PPE settings. These and other

studies (Tank et al. 2004; Thomas 1998) have also

shown similarities in MR and CT imaging. Conspicu-

ously absent, however, among the symptomatology of

PCA, are, generalized edema, liver function test

abnormalities, and abdominal pain—all hallmarks of

classic eclampsia. This suggests that if there is an

overlap between classic eclampsia, PPE, and sponta-

neous PCA, the pathophysiologic process in PCA is

primarily limited to the cerebral vasculature, while that

of classic eclampsia and PPE involves both cerebral

and systemic vascular systems.
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