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Abstract
Beyond the original meaning of chronic kidney disease (CKD) as high-risk state for future
dialysis, CKD is now known as an established risk factor for cardiovascular diseases. Stroke
is a major player of cardiovascular disease and has deep two-way relationships with CKD.
CKD is an evident risk factor for stroke. Meta-analyses of cohort studies and trials indicate
that proteinuria/albuminuria increases the risk of stroke by 71-92%, and reduced glo-
merular filtration rate increases the risk by 43%. In addition, CKD has a strong relationship
with subclinical brain damage including white matter changes, microbleeds, cognitive
impairment, and carotid atherosclerosis. CKD is prevalent in acute stroke patients; pa-
tients with estimated glomerular filtration rate <60 ml/min/1.73 m? or proteinuria
amounted to 46% of total ischemic stroke patients and 39% of total intracerebral hemor-
rhage patients in our institute. Acute and chronic management of stroke are influenced
by CKD. Therapeutic effects of several antithrombotic and thrombolytic agents, including
recently-developed novel oral anticoagulants, are affected by renal function. Moreover,
reduced glomerular filtration rate is independently associated with increased 1-and 10-
year mortalities in the end. Stroke also has deep relationships with end-stage kidney
disease. Stroke occurs much more commonly in dialysis patients than general population
or CKD patients without need for dialysis. The triggers of ischemic and hemorrhagic
stroke in patients with end-stage kidney disease include special characteristics unique
to dialysis, such as drastic hemodynamic change, dialysate and anticoagulants, and vas-
cular calcification. As cohorts of dialysis patients become older, more hypertensive, and
more diabetic than before, stroke become more prevalent and more serious events in
dialysis clinics. Now, clinicians should have much interest in the association between CKD
and cerebrovascular diseases, so-called the cerebro-renal interaction.

Copyright © 2013 S. Karger AG, Basel

More than ten years have passed since the National Kidney Foundation in the
United States first advocated the concept of chronic kidney disease (CKD) [1],
and it is now seen as a major public health problem. According to the 2002 ver-
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Fig. 1. The prevalence of eGFR <60 ml/min/1.73 m? or proteinuria in both the general
population and stroke patients. Cited from refs. 2-5 and 12-14. Note that both eGFR and
proteinuria in stroke patients were measured during the acute stage of stroke, and there-
by might have been affected by stroke damage.

sion of the guideline, the prevalence estimates of CKD in the United States
(1999-2004) were as follows [1]: 1.8% (95% CI 1.4-2.3%) for stage 1 (estimated
glomerular filtration rate (¢GFR) >90 ml/min/1.73 m? and albuminuria); 3.2%
(95% CI 2.6-3.9%) for stage 2 (GFR 60-89 ml/min/1.73 m? and albuminuria);
7.7% (95% CI 7.0-8.4%) for stage 3 (GFR 30-59 ml/min/1.73 m?), and 0.35%
(0.25-0.45%) for stage 4 (GFR 15-29 ml/min/1.73 m?) [2]. Estimates were 2.7 +
0.3,3.2+ 04,42 £ 0.1, and 0.2 + 0.01%, respectively, in Norway (1995-1997)
[3]; 7.4% (95% CI 6.9-7.8%), 4.7% (4.4-5.1%), 1.8% (1.5-2.0%), and none, re-
spectively, in Beijing [4], and 0.6, 1.7, 10.4, and 0.2% (including CKD stage 5
without dialysis), respectively, in Japan (2005) [5] (fig. 1). Thus, more than one
tenth of the general population worldwide is estimated to have CKD, and its
prevalence increases dramatically with age. ‘

Beyond the original meaning of CKD as a high-risk state for future dialysis,
CKD is now known to be an established risk factor for cardiovascular diseas-
es. This message was clarified by the Kaiser Permanente Renal Registry in-
volving more than one million adults [6]. An independent, graded association
was observed between a reduced eGFR and the risk of death and cardiovascu-
lar events including stroke. Since then, many studies have proven the positive
association of CKD with risk and outcomes of cardiovascular disease. The
reason for the positive association is partly the high prevalence of traditional
cardiovascular risk factors in CKD patients. In addition, nontraditional risk
factors, including endothelial dysfunction, maladaptive arterial remodeling,
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homocysteinemia, coagulation disorders, impaired endothelial release of tis-
sue plasminogen activator (t-PA), extravascular coagulation, anemia, and
higher levels of inflammatory cytokines and oxidative stress, seem to increase
the risk of cardiovascular disease. In 2008, a consensus conference on cardio-
renal syndromes was held to identify and classify dysfunction of the heart and
kidneys whereby acute or chronic dysfunction in one organ induces acute or
chronic dysfunction in the other organ [7]. Now, cardiologists cannot over-
look CKD.

Stroke is a major player in cardiovascular disease and it has strong two-way

relationships with CKD. Nevertheless, clinicians are often more indifferent to
the association between CKD and cerebrovascular diseases, the so-called
cerebrorenal interaction, than the cardiorenal interaction [8]. For example,
cerebrovascular disease was rarely discussed in the lengthy Contributions to
Nephrology series. This may be due to the fact that both renal and cerebral
pathophysiologies are quite difficult for nonexperts to grasp and fully under-
stand. Therefore, we have prepared this volume entitled ‘Brain, stroke, and
kidney’.

Now, let us think about the cerebrorenal interaction, particularly with re-
spect to stroke. First, the glomerular afferent arterioles of the juxtamedullary
nephrons and the cerebral perforating arteries share an anatomical feature.
These small, short vessels directly arise from large high-pressure arteries,' and
are thus exposed to high pressure. They have to maintain a strong vascular tone
in order to provide a large pressure gradient over a short distance [9]. Severe
hypertensive vascular damage occurs first in such strain vessels. Since albumin-
uria reflects glomerular damage distal to the juxtamedullary afferent arterioles,
albuminuria may also be an early sign of damage to the cerebral perforating
arteries. |

Second, CKD is an evident risk factor for stroke. Meta-analyses of both co-
hort studies and trials indicate that proteinuria/albuminuria increases the risk
of stroke by 71-92% [10], and reduced eGFR (<60 ml/min/1.73 m?) increases
the risk by 43% [11]. In addition, CKD has a strong relationship with subclinical
brain damage, including white matter changes, microbleeds, cognitive impair-
ment, and carotid atherosclerosis. Of these, cognitive impairment and dementia
are becoming as serious a burden as stroke worldwide.

Third, CKD is prevalent in acute stroke patients. Patients with eGFR <60 ml/
min/1.73 m? based on the creatinine level during acute stroke accounted for 35%
of total ischemic stroke patients and 44% of total intracerebral hemorrhage
(ICH) patients in an Israeli hospital [12], and 32% of total patients receiving in-
travenous recombinant t-PA from the Stroke Acute Management with Urgent
Risk-factor Assessment and Improvement (SAMURAI) rt-PA Registry in Japan
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[13]. Patients with eGFR <60 ml/min/1.73 m? or proteinuria accounted for 46%
of total ischemic stroke patients and 39% of total ICH patients in our institute
and 34.9% of total ischemic stroke patients in the Fukuoka Stroke Registry [14]
(fig. 1).

Fourth, acute and chronic stroke management strategies are influenced by
CKD. A good example of this is the recently developed novel oral anticoagu-
lants. Atrial fibrillation is a major risk factor for initial and recurrent stroke. To
judge the indications and dosage of dabigatran and factor Xa inhibitors for
stroke patients having atrial fibrillation, many neurologists are now familiar
with the Cockcroft-Gault equations. Therapeutic effects of other antithrom-
botic and thrombolytic agents also seem to be affected by renal function. For
example, in our multicenter SAMURAI rt-PA Registry [13], reduced eGFR was
associated with early symptomatic ICH, mortality, and a modified Rankin scale
score 24 at 3 months after intravenous thrombolysis in ischemic stroke pa-
tients.

Fifth, reduced eGFR is independently associated with increased 1- and
10-year mortalities [12, 15]. Two groups reported that proteinuria, but not
areduced eGFR, was associated with a poor functional outcome after ischemic
stroke [14, 16]. Thus, the kidneys cannot be ignored by stroke neurologists.

Stroke also has strong relationships with end-stage kidney disease (ESKD).
Stroke and other cardiovascular diseases occur much more commonly in di-
alysis patients than in the general population or in CKD patients who do not
require dialysis [17, 18]. The triggers for ischemic and hemorrhagic strokes in
ESKD patients include traditional cardiovascular risk factors, CKD-related
nontraditional risk factors, and special characteristics unique to dialysis, such
as drastic hemodynamic change, dialysate, anticoagulants, and vascular calci-
fication. As cohorts of dialysis patients become older, more hypertensive, and
more diabetic than before, strokes become more prevalent and more serious
events in dialysis clinics. Strokes in ESKD patients pose problems, such as the
contraindication to some pharmacotherapy (like dabigatran) and the difficul-
ty of continuing dialysis under good conditions when severe neurological def-
icits remain. Though thrombolysis is not contraindicated for ESKD patients,
even thrombolysis experts often have had limited experience with this therapy
for ESKD patients [19].

In this volume, clinical and epidemiological specialists on ‘Brain, stroke
and kidney’ present superb reviews for clinicians. I hope that you, the
reader, enjoy this collection and that it promotes both further understanding
and multidisciplinary collaboration between nephrologists and neurologists.
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Abstract

Coagulability increases during pregnancy, and thromboembolism can easily occur. Venous thromboem-
bolism is a cause of death in pregnant women, but arterial thrombosis such as ischemic stroke in preg-
nancy is also not uncommon. In pharmacotherapy, for thromboembolism in pregnant women, fetal tox-
icity and teratogenicity must be carefully considered. As anticoagulants in pregnant women, unfractio-
nated heparin and low-molecular-weight heparin are recommended, but warfarin is not recommended
since it has a low molecular weight and crosses the placenta. Various types of new oral anticoagulant
drugs have been available in Japan since 2011. However, the Japanese package inserts for these an-
ticoagulants advise quite cautious administration in pregnant women. The guidelines on pregnant wo-
men include less information about antiplatelat drugs than anticoagulant drugs. Aspirin may cause ter-
atogenicity and fetal toxicity, and perinatal mortality is increased. However, when low doses of aspirin
are administered as antiplatelet therapy, the US Food and Drug Administration has assigned pregnancy
category C, and treatment is relatively safe. Neurosurgeons and neurclogists commonly encounter preg-
nant women with thromboembolism, such as ischemic stroke. Up-to-date information and correct selec-
tion of drugs are necessary in consultation with specialists in perinatal care.

Key words: acute stroke, anticoagulation, antiplatelet therapy, thromboembolism,
venous thrombosis

2010)"Y by the Japanese Circulation Society (JCS)
Joint Working Group (fiscal year 2009); and the
“Guidelines for management of anticoagulant and

Introduction

Coagulability ipcreases during pregnancy, and

thromboembolism can easily occur, primarily of the
venous system. Venous thromboembolism is a cause
of death in pregnant women, but arterial thrombosis
such as ischemic stroke in pregnancy is also not
uncommon. In pharmacotherapy for thromboem-
bolism in pregnant women, fetal toxicity and terato-
genicity must be carefully considered. However,
since pregnant women are usually excluded from
pharmaceutical clinical trials for ethical reasons, in-
formation on toxicity and teratogenicity in pregnan-
cy is limited. This study presents an overview of the
current status and problems with antithrombotic
therapy in pregnant women, based on the “Guide-
lines for indication and management of pregnancy
and delivery in women with heart disease (JCS

Received “April 17, 2013;  Accepted May 15, 2013

§26

antiplatelet therapy in cardiovascular disease (JCS
2009)"'4 by the same group (fiscal year 2008).

Pregnancy and Thromboembolism

Plasma fibrinogen, von Willebrand factor, and
factors V, VII, VIII, IX, X, and XI1 are increased and
activated in late pregnancy, thus increasing the risk
of thromboembolism. Therefore, thromboembolism
is clearly a danger in pregnant women at high risk
for embolism, such as those with valvular heart dis-
ease, but thromboembolism such as cerebral sinus
venous thrombosis may also occur in pregnant wo-
men without such risk factors. In addition, the ef-
fects of estrogen and elastase during pregnancy may
cause evident structural changes in blood vessel
walls, leading to increased fragility. For example,
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patients with Marfan’s syndrome tend to develop
aortic dissection. The structure of cerebral and cer-
vical blood vessel walls may also be affected.
Moreover, compression of the inferior vena cava
due to uterine enlargement may lead to deep vein
thrombosis (DVT). Therefore, pregnancy is a risk
factor for thromboembolism, particularly venous
thrombosis.

Nevertheless, the safety of antithrombotic drugs
as treatment, as mentioned above, has not been well
established. Fetal toxicity and teratogenicity are
major concerns of drug administration in pregnan-
cy, and are affected by placental transfer of drugs
and the stage of pregnancy (Table 1).

Anticoagulant Drugs in Pregnant Women

The JCS Joint Working Group provides the following
recommendations for anticoagulant therapy in preg-
nancy.

Class I: In pregnant women with a prior history of

Table 1 Pregnancy stage, teratogemicity, and fetal-

toxicity
Pres%:::cy Teratogenicity and fetal toxicity
Fertilization  no effect stage: malformations do not occur (no
to day 27 fertilization, no implantation, or miscarriage}
Days 28 to 50 absolutely sensitive stage: important fetal organ
formation, highest risk of teratogenicity
Days 51 to relatively sensitive stage: genitalia and palate

112 formation not yet complete, teratogenicity
such as cleft palate

potentially sensitive stage: risk of teratogenicity

Daj 113 to
) is rare, attention must be paid to fetal toxfcity

livery

DVT but no other risk factors, follow-up observation
until delivery and warfarin administration for 4-6
weeks postpartum is recommended.

Class IIb: ‘

1. In pregnant women with a prior history of DVT
and other risk factors (e.g., congenital or acquired
blood dyscrasias), prophylactic administration of
low-molecular-weight heparin or moderate dose-ad-
justed unfractionated heparin starting during preg-
nancy and warfarin administration for 4-6 weeks
postpartum are recommended.

2. In all patients with a prior history of DVT, use of
elastic stockings pre- and postpartum is recommend-
ed. ,

3. In patients requiring long-term warfarin therapy
who wish to become pregnant, planned pregnancy
with a switch from warfarin to dose-adjusted hepa-
rin, or promptly switching from warfarin to dose-ad-
justed heparin when pregnancy is confirmed at an
early stage by frequent pregnancy testing is recom-
mended.

Therefore, unfractionated heparin or low-molecu-
lar-weight heparin is recommended in pregnant wo-
men; whereas warfarin is not recommended. Table
2 summarizes the effects of anticoagulant drugs in
patients during pregnancy and breastfeeding.?
Table 3 shows the US Food and Drug Administra-
tion (FDA) pregnancy categories for these drugs.?

Unfractionated heparin. and low-molecular-
weight heparin do not cross the placenta because of
their high molecular weight and do not cause harm
to the fetus. However, in Japan, the use of low-
molecular-weight heparin for thromboembolism
prophylaxis in patients with a history of valvular
heart disease or DVT is not covered by health insur-

Table 2 Effects of anticoagulant drugs in patients during pregnancy and breastfeeding

Package insert
FDA Terato- Breastfeeding
Drug Classification Characteristics/adverse reactions
category.” genicity  during use Pregnancy Breastfeeding
Warfarin coumarin D teratogenicitl. yes allowed contra- contra-
derivative fetal hemorchagic complications indication  indication
Heparin unfractionated C bone demineralization with long-term no allowed  contra-
heparin administration (fractures in indication
mothers),
higher incidence of thrombosis than
with warfarin,
risk of heparin-induced
thrombocytopenia
Enoxaparin low-molecular- B reports of heparin-induced no allowed  relative relative
weight thrombocytopenia, contra- contra-
heparin not indicated for thrombus prophylaxis indication  indication
in cardiovascular disease
Dalteparin low-molecular- B reports of heparin-induced no allowed  contra- contra-
weight thrombocytopenia, indication  indication
heparin not indicated for thrombus prophylaxis

in cardiovascular disease

Revised with permission from the Circulation Journal (76: 240~260, 2012), ©2012, the Japanese Circulation Society.?
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