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significance for the two groups was assessed by Mann—
Whitney U-tests for continuous variables and Pearson x*
tests for categorical variables. We compared the 24-h BP
or HR time course between patients with and without
each outcome using the two-way repeated measures
analysis of variance (ANOVA). Predictors for each out-
come were determined by multivariate analyses based on
the baseline characteristics, blood tests on admission
including eGFR, and 24-h BP and HR profiles of the
patients. A backward selection procedure was performed
for each outcome using P more than 0.10 of the likelihood
ratio test for exclusion. A level of P less than 0.05 was
considered statistically significant.

Results

Of the 125 eligible patients, 89 (71%) had hypertension
and 49 (39%) were treated with antihypertensive agents
before stroke onset. The median baseline NIHSS score
was 13 [interquartile range (IQR) 7-18]. With respect
to outcomes, 64 (51%) achieved independent ADL at
3 months, 66 (53%) early neurological improvement, and
26 (21%) developed ICH. The baseline characteristics,
stroke features, clinical status, and baseline BP and HR
were summarized in Table 1. BP was less than 180/
105 mmHg during the initial weeks and less than 170/
95 mmHg during the following period for all patients.

Figure 1 shows the initial overall 24-h SBP, DBP, and HR
courses for all patients. Both SBP and DBP decreased by
about 10 mmHg from the baseline measurement to the
initiation of i.v. tPA, decreased by about 2 mmHg 2 h after
initiation, and reached a plateau thereafter. HR mildly
decreased during this period.

Between patients with and without independence, two-
way repeated measures ANOVA showed differences in
the 24-h time courses of SBP (P =0.033), PP (»=0.007),
and HR (P <0.001; Fig. 2). Levels of SBP and PP were
similar within the initial hours between patients with
and without independence and differed later. After
multivariate adjustment, mean, maximum, and minimum
levels of SBP (P=0.035, P=0.013, and P=0.027,
respectively), PP (P=0.029, P=0.018, and P=0.020,
respectively), and HR (P=0.001, P=0.004, and P=
0.010, respectively) during the 24h were inversely
associated with independence (Table 2). When these
physiological parameters were separately assessed at
different intervals, mean SBP at 8-16 (P =0.037) and
16-24h (P=0.014), mean PP at 8-16 (P=0.046) and
16—24h (P=0.023), and mean HR at 0-8 (P =0.007), 8—
16 (P <0.001), and 16-24h (P=0.002) were inversely
associated with independence.

Between patients with and without early improvement,
the ANOVA showed differences in the 24-h time course
of HR (P=10.019; Fig. 3), but not in those of SBP
(P=0.141), DBP (P=0.286), or PP (P=0.156). After

multivariate adjustment, baseline and maximum levels

Table 1 Baseline characteristics

All patients (n = 125)

Baseline characteristics

Men 93 (74%)
Age, years 727 +9.0°
Hypertension 89 (71%)S

Diabetes mellitus
Hyperlipidemia
Atrial fibrillation
Previous ischemic stroke 25 (20%)
Current smoking habit 31 (25%)*
Antihypertensive use prior to onset 49 (39%)
Antithrombotic use prior to onset 45 (36%)
Blood tests on admission
Blood glucose, mmol/l
HbA1c, %
eGFR, ml/min/1.73 m?
Stroke features and clinical status

25 (20%)
58 (40%)°
61 (49%)8

8.23:+2.91
574 +1.15
67.81+24.01°5

Subtypes®
Cardioembolic 71 (57%)
Atherothrombotic 22 {18%)
Lacunar 0 (0%)
Other 32 (25%)
Site of occlusion on MRA*S
Internal carotid artery 21 (18%)
MCA trunk 28 (24%)
MCA branch 16 (14%)
Vertebral/basilar artery 2 (2%)
Other site/no occlusion 35 (42%)
ASPECTS on CT 9 (7-10)
Baseline NIHSS score 13 (7-18)%
NIHSS score at 24 h 8 (3-15)
Antihypertensive use within 24 h 28 (22%)
Baseline BP and HR
SBP, mmHg 158.4 +33.0'
DBP, mmHg 88.1+ 194
PP, mmHg 70.8+23.41
HR, bpm 779+19.8

Data are expressed as mean= SD, median (interquartile range), or n (%) as
appropriate. ASPECTS, Alberta Stroke Program Early CT score; BP, blood pressure;
eGFR, estimated glomerular filtration rate; HR, heart rate; MRA, magnetic resonance
angiography; NIHSS, National institutes of Health Stroke Scale; PP, pulse pressure.
*99 patients contraindicated for MRA were excluded. § P < 0.05 between patients
with and without independent activities of daily living (ADL); age (70.4 £9.2 vs.
75.1 4 8.2 years, P=0.007), hypertension (63 vs. 80%, = 0.028), hyperlipidemia
(48 vs. 31%, P=0.049), atrial fibrillation (39 vs. 59%, P=0.026), eGFR
(72.92+27.01 vs. 6244+ 19.18mi/min/1.73m?, P=0.021), stroke subtypes
(cardicembolism, 53 vs. 61%; atherothrombotic, 11 vs. 25%; other, 36 vs. 15%);
P=0.011), site of occlusion on MRA (internal carotid artery, 8 vs. 28%; MCA trunk,
16 vs. 32%; MCA branch, 13 vs. 14%; vertebral/basilar artery, 2 vs. 29%; other site or
no occlusion, 61 vs. 24%; P=0.002), baseline NIHSS score [12 (7-15) vs. 16
(10-20), P<0.001], NIHSS score at 24h [4 (1-7) vs. 16 (11-20), P< 0.001].
tP<0.05 between patients with and without early neurological improvement;
current smoking (17 vs. 34%, P=0.026), SBP (1526329 vs. 164.7+
32.2mmHg, P=0.008), PP (65.6+23.1 vs. 75.6:+22.7mmHg, P=0.015).
1P<0.05 between patients with and without ICH; NIHSS score at 24h [14
(11-18) vs. 7 (2—14), P<0.001}, ASPECTS on CT [8 (6-9) vs. 9 (8-10),
P=0.003].

of SBP (P=0.031 and P=0.023, respectively) and
baseline PP (P=0.018) during the 24 h were inversely
associated with early improvement.

Between patients with and without ICH, the ANOVA did
not identify differences in the 24-h time courses of SBP
(P=10.098), PP (P=0.052; Fig. 3), DBP (P=0.836), or
HR (P =0.886). After multivariate adjustment, maximum
level and coefficient of variation of SBP (P =0.028 and
P=0.021, respectively) and PP (P =0.005 and P =0.013,
respectively) during the 24 h were positively associated
with ICH.
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Fig. 1
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Changes in blood pressure (BP) and heart rate (HR) during the initial 24 h. The vertical bars represent standard deviation. i.v., intravenous; tPA, tissue

plasminogen activator.

Discussion

This observational study determined the influences of
BP and HR during the initial 24 h after starting i.v. tPA
therapy on early and long-term outcomes of patients
with ischemic stroke. The major finding was that lower
SBP, PP, and HR during the initial 24 h, especially at the
later hours of this period, were independently related to
independent ADL at 3 months.

A pooled analysis from the NINDS tPA study, Alteplase
Thrombolysis for Acute Noninterventional Therapy in
Ischemic Stroke (ATLANTIS), and the European
Cooperative Acute Stroke Study I (ECASS 1I) identified
higher baseline SBP as one of seven major predictors
of long-term patient outcomes after i.v. tPA [20]. In
addition, subanalyses of major trials and postmarketing
surveys including the ECASS II [8] and the Safe
Implementation of Thrombolysis in Stroke-International
Stroke Thrombolysis Register (SI'TS-ISTR) [9] reported
that acute SBP during the initial 24 h is independently
related to 3-month outcomes after i.v. tPA. The former
found an inverse linear association between mean 24-h
SBP and 3-month mRS score of 1 or less [8], and the latter
showed a bell-shaped association [9]; 3-month indepen-
dence was highest when the average SBP at 2 and 24h
was between 141 and 150 mmHg. In the present study,
mean 24-h SBP had almost identical statistical power
to predict independence along with maximum and mini-
mum SBP during the initial 24 h. In addition, PP played
a similar role to SBP as a predictor for independence,

mainly due to the close relationship between SBP and
PP. As in other studies, DBP did not predict stroke
outcome in the present study [8,20].

A notable finding of the present study is that the time
course of SBP did not differ over several initial hours
after stroke onset between patients with and without
independence, whereas mean SBP during later hours
(8-16 and 16-24 h) had high odds ratio to predict inde-
pendence. The subanalyses from ECASS [7], ECASS 1T
[8], and SITS-ISTR [9] described the association
between the course of high BP during the initial 24 or
72 h after stroke and poor outcomes. This study stresses
the importance of SBP levels, in addition to HR levels,
during later hours of this initial period for the outcome
prediction. The trends of SBP were similar between
patients with and without transcranial Doppler-
documented recanalization at 6h in a study involving
stroke patients with MCA occlusion treated with i.v. tPA;
a significant SBP decline was identified at around 6h
and later only in patients with recanalization [21]. Arterial
recanalization after intraarterial thrombolysis also ended
in reduced BP at 12h [22]. Early reperfusion of the
ischemic brain by recanalization seems to restore normal
autoregulation and lower SBP [21]. Thus, the influence
of low SBP at between 8 and 24 h on the outcomes of
our patients might be partly via early recanalization. In
addition, our previous study involving stroke patients
who were not treated with thrombolysis showed that
acute SBP levels at over 6h after admission predicted
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Fig. 2
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Changes in blood pressure (BP) and heart rate (HR) in patients with and without independence at 3 months. P values indicate differences in the 24-h
courses of each physiological value by two-way repeated measures analysis of variance (ANOVA). i.v., intravenous; tPA, tissue plasminogen

activator.

neurological deterioration within the initial 3 weeks,
whereas those upon admission or at 6h did not [23].
Several factors, including mental stress, which do not
necessarily correlate with stroke severity or arteriosclero-
tic conditions, affect cardiovascular modulation during
the initial several hours, and accordingly BP values at this
time point might not be appropriate for predicting stroke
outcomes.

SBP variability is strongly associated with stroke risk
[24]. In addition, large BP variability during the initial
few days after stroke was related to poor outcomes, partly
because BP variability influenced cerebral perfusion
[21,25]. Although the present study failed to show the
association of BP variability with 3-month independence,
coefficient of variation of SBP and PP were associated
with ICH. Change in cerebral blood flow due to BP
variability might trigger hemorrhagic transformation of
cerebral ischemia after i.v. tPA.

Another new finding in the present study was that lower
HR during the initial 24 h was related to independence.
Several potential contributors to poor stroke outcome

cause tachycardia in the acute phase, including mass
effect due to large infarcts, hemorrhagic transformation,
and autonomic dysfunction. As stated above, early
reperfusion of the ischemic brain by recanalization seems
to both stabilize HR and result in a favorable stroke
outcome. Atrial fibrillation is another key factor that
influences acute tachycardia; our patients who achieved
independence developed atrial fibrillation less frequently
than those without (38 vs. 60%, P=0.016). The signifi-
cance of HR as an outcome predictor should be recog-
nized as it is easily measurable.

Associations between mean 24-h SBP and early neuro-
logical improvement or ICH were not identified in
this present study, although baseline, maximum, and
coefficient of variation of 24-h SBP were associated with
these secondary outcomes. In contrast, subanalyses of the
ECASS II and the SITS-ISTR revealed a positive linear
relationship between mean SBP and ICH ([8,9].

Control of BP and several risk factors during the 3-month
observation period might affect the outcomes. As shown in
our methods, recommended BP goals for stroke patients in
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Table 2 Association between each outcome with blood pressure and heart rate

Early neurological

3-month independence§ improvement ICH?
OR 95% ClI OR 95% Cl OR 95% Cl
SBP
Baseline SBP 0.96 0.84-1.08 0.88* 0.77-0.98 1.08 0.89-1.19
Mean 24-h SBP 0.69* 0.48-0.97 0.79 0.58~1.06 1.34 0.91-2.06
Maximum 24-h SBP 067" 0.48-0.91 0.73* 0.55-0.95 1.50* 1.06-2.20
Minimum 24-h SBP 0.70™ 0.51-0.95 0.87 0.66-1.12 0.86 0.61-1.21
CV of 24-h SBP 0.80 0.16-4.06 0.52 0.12~-2.24 9.81* 1.47-73.79
Mean 8-h SBP (0-8h} 0.79 0.57-1.07 0.74* 0.55-0.98 117 0.81-1.75
Mean 8-h SBP (8-16h) 0.73* 0.54-0.97 0.82 0.63-1.06 1.87 0.98-1.98
Mean 8-h SBP (16-24h) 0.66* 0.47-0.91 0.85 0.65-1.11 1.14 0.81-1.61
Pulse pressure
Baseline PP 0.98 0.82-1.18 0.81* 0.68-0.96 1.07 0.87-1.31
Mean 24-h PP 0.63* 0.41-0.94 0.82 0.58-1.16 1.51 0.98-2.40
Maximum 24-h PP 0.69* 0.49-0.93 0.78 0.59-1.01 1.64* 1.17-235
Minimum 24-h PP 0.65* 0.44-0.92 0.85 0.62-1.14 0.90 0.61-1.32
CV of 24-h PP 0.98 0.46-2.10 0.83 0.41-1.66 3.03* 1.28-7.49
Mean 8-h PP (0-8h) 0.71 0.48-1.03 0.72 0.50-1.00 1.29 0.85-2.01
Mean 8-h PP (8-16h) 0.70* 0.48-0.99 0.86 0.63-1.16 1.50* 1.03~2.25
Mean 8-h PP (16-24h) 0.65* 0.44-0.93 0.94 0.68-1.28 1.24 0.83-1.88
Heart rate
Baseline HR 0.81 0.61-1.03 0.99 0.82-1.22 0.98 0.76-1.24
Mean 24-h HR 0.59* 0.42-0.80 0.77 0.59-1.01 1.08 0.78-1.49
Maximum 24-h HR 0.75* 0.61-0.90 0.92 0.77-1.09 1.07 0.87-1.31
Minimum 24-h HR 0.61* 0.41-0.88 0.77 0.56~1.05 1.05 0.72-1.55
CV of 24-h HR 0.83 0.40-1.67 1.21 0.63-2.52 1.02 0.42-2.17
Mean 8-h HR (0-8h) 0.66* 0.48-0.88 0.85 0.66-1.08 101 0.73-1.37
Mean 8-h HR (8—16h) 0.57* 0.41-0.76 0.78* 0.60-0.89 1.13 0.84-1.51
Mean 8-h HR (16-24h) 0.62* 0.45-0.83 0.75* 0.67-0.97 1.07 0.78~1.46

Odds ratio (OR) and 95% confidence interval (Cl) for an increase of 10 mmHg or 10 bpm as appropriate, based on variables appearing in the model of the backward
selection procedure. ASPECTS, Alberta Stroke Program Early CT score; CV, coefficient of variation; eGFR, estimated glomerular filtration rate; HR, heart rate; ICH,
intracerebral hemorrhage; NIHSS, National Institutes of Health Stroke Scale; PP, pulse pressure. § On 3-month independence analysis, adjusted for age, hyperlipidemia,
atrial fibrillation, stroke subtypes (cardioembolic), baseline NIHSS score, and eGFR. t On early neurological improvement at 24 h analysis, adjusted for diabetes mellitus and
current smoking habit.  On ICH within 36 h analysis, adjusted for previous ischemic stroke, baseline NIHSS score, and ASPECTS. No parameters on DBP were significantly
associated with outcomes. * Represents the statistically significant difference (P< 0.05).

the JSS guidelines 2004 were rather modest [15], as
guidelines in other nations also were [10,26]. Regarding
diabetes, the JSS guidelines 2004 described that there is
little evidence that control of diabetes is effective for
secondary stroke prevention, as they were published prior

Fig. 3

to the first successful report on glucose-lowering therapy
for secondary stroke prevention, a subanalysis from the
PROactive 04 study [27]. Thus, although the controls for
risk factors were done for all patients, they were not as
strict as controls based on recent guidelines [28].
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Changes in heart rate (HR) among patients with and without early neurological improvement (a) and in pulse pressure (PP) among those with and
without intracranial hemorrhage (b). P values indicate differences in the 24-h courses of each physiological value by two-way repeated measures
analysis of variance (ANOVA). i.v,, intravenous; tPA, tissue plasminogen activator.
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The limitations of the present study include its observa-
tional nature and that eligibility for tPA administration
was determined according to the condition of each
patient, although principally based on the JSS guidelines
[15]. As some patients were treated with i.v. nicardipine
during the initial 24 h after i.v. tPA, the present 24-h
BP and HR profiles are not always natural. The effects of
antihypertensive therapy before and after 1.v. tPA therapy
were not studied in detail, as they complicated the
results. Although several conditions and events during
the 3-month observation period could affect 3-month
independence, we did not use such conditions and
events for statistical adjustment as such factors them-
selves might be influenced by 24-h BP and HR levels.
In addition, MRA was not repeated within 24h in all
patients; thus, our discussion about the association
between arterial recanalization and changes in BP and
HR was not solely based on our own results.

The present study demonstrated that continuous mea-
surement of fundamental vital signs after i.v. (PA is
important for predicting long-term patient outcome.
A randomized trial is warranted to determine whether
low SBP and HR values directly cause a favorable out-
come or whether patients who are expected to have a
favorable outcome tend to have low SBP and HR values.
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Effects of 24-Hour Blood Pressure and Heart Rate Recorded
With Ambulatory Blood Pressure Monitoring on Recovery
From Acute Ischemic Stroke

Yasuhiro Tomii, MD; Kazunori Toyoda, MD; Rieko Suzuki, MD; Masaki Naganuma, MD;
Jun Fujinami, MD; Chiaki Yokota, MD; Kazuo Minematsu, MD

Background and Purpose—This study used ambulatory blood pressure (BP) monitoring to generate BP and heart rate
(HR) profiles soon after stroke onset and evaluated the association between determined values and 3-month stroke

outcomes.

Methods—We analyzed 24-hour ambulatory BP monitoring records from 104 patients with acute ischemic stroke.
Ambulatory BP monitoring was attached at the second and eighth hospitalization days (Days 1 and 7). Both BP and HR
were characterized using baseline, mean, maximum, and minimum values and coefficient of variation during 24-hour
recording periods. Outcomes at 3 months were assessed as independence according to a modified Rankin Scale score

of =2 and poor according to the score of =5.

Results—Sixty-six (63%) patients achieved independence and 12 (11%) had poor outcomes. Mean ambulatory BP
monitoring values changed from 150.5%19.5/85.7+11.3 mm Hg on Day 1 to 139.6%19.3/80.0=11.7 mm Hg on Day
7. After multivariate adjustment, mean values of systolic BP (OR, 0.63; 95% CI, 0.45-0.85), diastolic BP (0.61;
0.37-0.98), pulse pressure (0.55; 0.33-0.85), and HR (0.61; 0.37-0.98) recorded on Day 1 as well as mean HR on Day
7 (0.47; 0.23-0.87) were inversely associated with independence and mean values of systolic BP (1.92; 1.15-3.68),
diastolic BP (5.28; 1.92-22.85), and HR (4.07; 1.83-11.88) on Day 1 as well as mean HR on Day 7 (4.92; 1.36-36.99)

were positively associated with a poor outcome.

Conclusions—All of systolic BP, diastolic BP, pulse pressure, and HR on Day 1 and HR on Day 7 assessed using
ambulatory BP monitoring were associated with outcomes of patients with stroke at 3 months. (Stroke. 2011;42:

3511-3517.)

Key Words: ambulatory blood pressure monitoring @ cerebral infarction @ hypertension @ outcome

An acute hypertensive response occurs in up to 80% of all
patients with acute stroke, but management of hyperten-
sion remains controversial because of the paucity of reliable
evidence from randomized clinical trials.!-3 Data from obser-
vational studies have suggested that high blood pressure (BP)
is related to a poor outcome,'#-% whereas BP elevation during
the acute phase might help to maintain cerebral perfusion
pressure.”-8

Elevated BP generally falls and returns to prestroke levels
during the initial days without therapeutic intervention.!.6.9:10
One systematic review found that the admission BP value
was a useful indicator of stroke outcomes.! On the other hand,
admission BP might be unreliable or misleading, because BP
can transiently elevate or decline within several hours after
stroke onset depending on the level of consciousness, phys-
ical activity, and mental stress of hospital admission.!! Thus,
consecutive BP monitoring during the initial hours or days
might be a better prognostic predictor than admission BP
values alone.

Compared with casually recorded BP, ambulatory BP
monitoring (ABPM) has been proposed as a way to accu-
rately evaluate clinical status, because a large number of
records can be generated.'>'> However, whether BP profiles
using ABPM during the acute phase are associated with
stroke outcomes remains unclear.

The aim of this study was to evaluate the association of BP
and heart rate (HR) profiles using ABPM devices early after
stroke onset with 3-month outcomes.

Patients and Methods

Patient Population

We registered 136 consecutive Japanese patients with ischemic
stroke who were admitted to our stroke care unit within 24 hours of
symptom onset between January and December 2008. Of these, we
excluded 6 patients who were dependent on activities of daily living
(ADL) corresponding to a modified Rankin Scale =3 before stroke
onset, 2 with severe subcutaneous hemorrhage in the arm, 3 infected
with neurovirus, 7 who did not provide informed consent (principally
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Table 1.  Baseline Characteristics
Independence Poor Outcome
All Patients
(n=104) Yes (n=66) No (n=38) P Yes (n=12) No (n=92) P
Baseline characteristics
Woman 40 (38%) 22 (33%) 18 (47%) 0.137 5 (42%) 35 (38%) 0.808
Age, y 71.7+125 67.9+12.6 78.1+9.5 <0.001 81.8::8.7 70.3+12.3 <0.001
Hypertension 82 (79%) 52 (79%) 30 (79%) 0.985 9 (75%) 73 (79%) 0.729
Diabetes meliitus 33 (32%) 22 (33%) 11 (29%) 0.644 3 (25%) 30 (33%) 0.594
Hyperlipidemia 46 (44%) 31 (47%) 15 (39%) 0.459 3 (25%) 43 (47%) 0.154
Atrial fibrillation 35 (34%) 18 (27%) 17 (45%) 0.070 7 (58%) 28 (30%) 0.054
Previous ischemic stroke 29 (28%) 14 (21%) 15 (39%) 0.046 6 (50%) 23 (25%) 0.069
Current smoking habits 22 (21%) 16 (24%) 6 (16%) 0.340 1 (8%) 21 (23%) 0.242
Antihypertensive use befcre onset 53 (51%) 33 (50%) 20 (53%) 0.796 4 (33%) 49 (53%) 0.194
Stroke features and clinical status
Subtypes
Cardioembolic 37 (36%) 19 (29%) 18 (47%) 0.209 7 (58%) 0 (32%) 0.363
Atherothrombotic 21 (20%) 15 (23%) 6 (16%) 2 (17%) 19 (21%)
Lacurar 15 (14%) (13%) 6 (16%) 1(8%) 4 (15%)
Other 31 (30%) (35%) 8 (21%) 2 (17%) 29 (32%)
Baseline NIHSS score 4 [1-8] 2 [1~5] 7 [4-18] <0.001 16 [5-24] 3 [1-5] <0.001
Receiving IV rtPA 16 (15%) 4 (6%) 12 (32%) <0.001 3 (25%) 13 (14%) 0.326
Initiation of antihypertensive therapy
By Day 1 ABPM 13 (13%) 11 (18%) 2 (6%) 0.086 0 (0%) 13 (15%) 0.148
By Day 7 ABPM 34 (33%) 23 (37%) 11 (31%) 0.512 4 (33%) 30 (35%) 0.916

Data are expressed as mean-=SD, median [interquartile range], or no. (%) as appropriate. Comparisons among groups were performed using »? test, Student ¢

test, or Mann-Whitney U test as appropriate.

NIHSS indicates National Institutes of Health Stroke Scale; IV rtPA, intravenous recombinant tissue plasminogen activator; ABPM, ambulatory blood pressure

monitoring.

*P<0.05 between patients with and without independence; age (67.9+12.6 y versus 78.1=9.5 y, P<0.001), previous ischemic stroke (21% versus 39%,

P=0.046), and baseline NIHSS score (2 [1-5] versus 7 [4-18], P<0.001).

1P<0.05 between patients with and without poor outcomes; age (81.8+8.7 y versus 70.3+12.3 y, P<0.001) and baseline NIHSS score (16 [5-24] versus 3 [1-5],

P<0.001).

orally and by written consent if needed), and 14 with incomplete
ABPM recordings. Consequently, we analyzed data from 104 pa-
tients (40 women, 71.7%12.5 years). The open study design is
described on the Web site of the Grant-in-Aid for Scientific Research
(C, #20591039) from the Japan Society for the Promotion of Science.

Assessments of BP and HR

Baseline BP and HR values were recorded immediately after arrival
at the emergency department (Day 0). Twenty-four-hour ABPM
(TM-2431; A&D Company, Ltd) was started at 10 AM of the second
and eighth hospitalization days (Days 1 and 7) on the left arm after
a relevant difference between the 2 limbs was ruled out by conven-
tional BP checks. Systolic/diastolic BP (SBP/DBP), pulse pressure
(PP), and HR were automatically measured every 30 minutes for 24
hours.

We characterized BP and HR profiles by calculating the following
values: mean, maximum, minimum, and coefficient of variation
([%]=SDX100/mean value) during 24 hours as well as mean values
during 16 hours of the day (6 aM to 10 M) and 8 hours of the night
(10 PM to 6 AM). Patients were classified according to a fall (%) in
mean SBP during the nighttime compared with the daytime as:
dipper (fall =10%), nondipper (0%—-10%), and riser (nocturnal SBP
increased compared with daytime SBP).

Baseline Characteristics
The following baseline characteristics were investigated using the
prospective database: sex, age, hypertension (BP =140/90 mm Hg

before stroke onset or taking antihypertensive agents), diabetes
mellitus (fasting blood glucose =7.0 mmol/L, hemoglobin Alc
=6.5%, or taking antidiabetic agents), hyperlipidemia (total choles-
terol =5.7 mmol/L, triglyceride =1.7 mmol/L, or taking antihyper-
lipidemic agents), atrial fibrillation (documented during hospitaliza-
tion or history of atrial fibrillation), history of symptomatic ischemic
stroke, and current smoking habit. Stroke subtypes were determined
according to the Trial of ORG 10172 in Acute Stroke Treatment
subtype classification system.!®

Outcome

The outcome measurements comprised achieving independent ADL
or a poor outcome at 3 months corresponding to modified Rankin
Scale scores of =2 or =5, respectively.

Statistical Analysis

Data were statistically analyzed using JMP 7.0 software (SAS
Institute Inc, Cary, NC). Statistical significance for the 2 groups was
assessed using Student ¢ test or Mann-Whitney U tests for continuous
variables as appropriate and Pearson x* tests for categorical vari-
ables. The 24-hour BP or HR time course between patients with and
without each outcome was compared using the 2-way repeated-
measures analysis of variance. Predictors for each outcome were
determined by multivariate analyses based on the baseline charac-
teristics and the 24-hour BP and HR profiles of the patients. A
backward selection procedure was performed for each outcome using
P>0.10 of the likelihood ratio test for exclusion. In addition, each
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Figure 1. Changes in SBP, DBP, and HR over 24 hours on Days

1 and 7. SBP indicates systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate.

outcome among quintile groups for mean 24-hour SBP on Day 1 was
compared using multivariate analyses to search for the U- or
J-shaped phenomenon. A level of P<<0.05 was considered statisti-
cally significant.

Results

Outcomes and Related Factors

Of a total of 104 eligible patients, 82 (79%) had hypertension
and 53 (51%) were treated with antihypertensive agents
before stroke onset. Sixty-six (63%) patients reached inde-
pendent ADL and 12 (11%) had a poor outcome (including
death in 1 patient) at 3 months. Table 1 summarizes the
baseline characteristics, stroke features, and clinical status.
Thirteen and 34 patients were started on antihypertensive
therapy on Days 1 and 7, respectively.

Whole Day BP/HR Measurements

At the emergency department on Day 0, SBP/DBP and HR
values were 161.3+27.3/89.9+16.3 mm Hg and 74.8+15.0
beats/min, respectively. The baseline values of SBP, DBP,
PP, or HR were not associated with independent ADL
(P=0.495, 0.093, 0.706, and 0.240, respectively) or poor

Tomii et al
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outcome (P=0.770, 0.710, 0.513, and 0.919, respectively) at
3 months.

Figure 1 shows the 24-hour SBP, DBP, and HR courses on
Days 1 and 7 for all of the patients. Mean SBP/DBP and HR
on Day 1 were 150.5+19.5/85.7+11.3 mm Hg and
68.7*x11.4 beats/min, respectively, and 139.6%19.3/
80.0+11.7 mm Hg and 66.6+11.6 beats/min, respectively,
on Day 7. Over the initial week, mean SBP/DBP declined by
10.3%£16.2/4.8+7.8 mm Hg, but HR did not significantly
change. Two-way repeated-measures analysis of variance
revealed significant differences in the 24-hour time courses of
SBP and DBP between Days 1 and 7 (P<<0.001 and P=0.001,
respectively). Thirty patients were excluded from analysis on
Day 7; 9 patients left the hospital, 10 refused to undergo
further examination, 1 was not examined due to infection
with methicillin-resistant Staphylococcus aureus, and record-
ings from 10 others were incomplete.

Figure 2 shows the 24-hour time course of SBP and HR on
Days 1 and 7 in patients with independent ADL (black lines).
Between patients with and without independent ADL at 3
months, 2-way repeated measures analysis of variance
showed significant differences in the 24-hour time course of
SBP, PP, and HR on Day 1 (P<0.001, <0.001, and 0.003,
respectively) and HR on Day 7 (P<<0.001). After multivariate
adjustment, the mean and minimum SBP (P=0.004 and
0.035, respectively), mean DBP (P=0.044), mean, minimum,
and coefficient of variation of PP (P=0.010, 0.010, and
0.031, respectively), and mean and maximum HR on Day 1
(P=0.045 and 0.045, respectively) as well as mean HR on
Day 7 (P=0.022) were inversely associated with independent
ADL (Table 2).

Figure 2 also shows the 24-hour time course of SBP and
HR on Days 1 and 7 in patients with poor outcomes (gray
lines). Two-way repeated-measures analysis of variance re-
vealed significant differences in the 24-hour time course of
SBP, DBP, and HR on Day 1 (P=0.022, 0.007, and <0.001,
respectively) and HR on Day 7 (P<<0.001) between patients
with and without poor outcomes at 3 months. After multivar-
iate adjustment, the mean, maximum, and minimum SBP
(P=0.011, 0.010, and 0.012, respectively), mean and maxi-
mum DBP (P=0.001 and 0.046, respectively), and mean,
maximum, and minimum HR on Day 1 (£<<0.001, 0.006, and
0.007, respectively) as well as mean HR on Day 7 (P=0.012)
were positively associated with a poor outcome (Table 2).

Figure 3 shows a comparison of each outcome among
quintile groups for mean 24-hour SBP on Day 1. The
frequency of patients who achieved independent ADL grad-
ually decreased and that of patients with a poor outcome
gradually increased with increasing SBP. Patients who
achieved independent ADL were more common in the bottom
(SBP =135 mm Hg) as compared with the third quintile
group (SBP of 145-153 mm Hg; OR, 9.72; 95% CI, 1.06-
191.22; P=0.044). Patients with poor outcome were more
common in the top (SBP =169 mm Hg) as compared with the
third quintile group (OR, 17.85; 95% CI, 1.29-649.08;
P=0.030).

Among the 104 patients, 16 (15%) received intravenous
recombinant tissue-type plasminogen activator. Among these,
4 reached independent ADL and 3 had poor outcomes at 3
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Figure 2. Changes in SBP and HR on Days 1 and 7 in patients who achieved independent ADL and those with poor outcomes. A, SBP
on Day 1. P<0.001 between patients with and without independent ADL; P=0.022 between patients with and without poor outcomes.
B, HR on Day 1. P=0.003 between patients with and without independent ADL; P<<0.001 between patients with and without poor out-
comes. C, SBP on Day 7. P=0.052 between patients with and without independent ADL; P=0.293 between patients with and without
poor outcomes. D, HR on Day 7. P<0.001 between patients with and without independent ADL; P<<0.001 between patients with and
without poor outcomes. SBP indicates systolic blood pressure; HR, heart rate; ADL, activities of daily living.

months. The results were generally similar after excluding
these patients; mean SBP on Day 1 was inversely associated
with independent ADL (OR, 0.61; 95% CI, 0.42-0.86 per
10-mm Hg increase; P=0.004) and positively associated with
a poor outcome (1.97; 1.06—4.79; P=0.031).

Day and Night BP/HR Measurements

On Day 1, mean daytime SBP/DBP and HR values were
152.8+19.1/87.011.2 mm Hg and 69.8+11.4 beats/min,
respectively, and nighttime values were 146.1%222.0/
83.4£12.9 mm Hg and 66.6*+12.1 beats/min, respectively.
After multivariate adjustment, mean levels of daytime SBP,
DBP, PP, and HR (P=0.007, 0.047, 0.026, and 0.039,
respectively) and nighttime SBP, PP, and HR (P=0.025,
0.018, and 0.039, respectively) were inversely associated
with independent ADL (Table 2). The mean levels of SBP,
DBP, and HR both during the daytime (P=0.007, <0.001,
and 0.001, respectively) and nighttime (P=0.022, 0.004, and
<0.001, respectively) were positively associated with a poor
outcome. Among the overall patients, 23 (22%) were dippers,
51 (49%) were nondippers, and 30 (29%) were risers (Table

3). Dipper pattern was not associated with either independent
ADL or a poor outcome.

Mean daytime SBP/DBP and HR on Day 7 were
142.0+19.8/81.3+11.5 mm Hg and 68.4%11.3 beats/min,
respectively, and these nighttime values were 135.5%20.6/
76.9+13.1 mm Hg and 63.2%12.9 beats/min, respectively.
After multivariate adjustment, the mean levels of both day-
time and nighttime HR (P=0.043 and 0.033, respectively)
were inversely associated with independent ADL (P=0.042)
and positively associated with a poor outcome (P=0.002),
whereas mean BP profiles were not (Table 2). Among all of
the patients, 18 (24%) were dippers, 36 (49%) were nondip-
pers, and 20 (27%) were risers (Table 3). Dipper pattern was
not associated once again with either independent ADL or a
poor outcome.

Discussion
In the present study, we measured BP and HR values during
acute stroke using ABPM and determined their association
with outcomes at 3 months. The first major finding was that
lower BP profiles on Day 1 were independently associated
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Table 2.  Association of BP and HR With 3-Mo Outcomes
Day 1 Day 7
Independencetf Poor OQutcomet Independencet Poor Outcoinef
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
SBP
Mean 24-h SBP 0.63* 0.45-0.85 1.92% 1.15-3.68 0.81 0.56-1.13 1.27 0.73-2.28
Mean daytime SBP 0.65* 0.47-0.88 2.07* 1.20-4.25 0.88 0.62-1.21 112 0.65-1.92
Mean nighttime SBP 0.74* 0.57-0.96 1.61* 1.07-2.66 0.84 0.60-1.16 1.57 0.92-3.04
Maximum 24-h SBP 0.87 0.69-1.09 1.93* 1.24-3.44 1.05 0.83-1.33 0.99 0.63-1.47
Minimum 24-h SBP 0.75* 0.56-0.97 1.81* 1.18-3.04 0.78 0.54-1.09 1.00 0.54-1.76
CV of 24-h SBP 2.36 0.56-11.43 1.79 0.16-18.37 2.42 0.40-16.15 013 0.00-3.97
DBP
Mean 24-h DBP 0.61* 0.37-0.98 5.28* 1.92-22.85 0.63 0.34-1.13 1.92 0.76-5.61
Mean daytime DBP 0.62¢ 0.39-0.99 6.89* 2.08-52.00 0.70 0.38-1.25 1.55 0.63-4.10
Mean nighttime DBP 0.77 0.50-1.17 2.82* 1.38-6.64 0.74 0.43-1.26 2.68* 1.05-8.93
Maximum 24-h DBP 1.15 0.90-1.51 1.55* 1.01-2.57 0.86 0.64-1.15 1.58 0.88-3.44
Minimum 24-h DBP 0.75 0.44-1.24 1.99 0.91-4.78 0.75 0.35-1.60 6.46* 1.38-49.80
CV of 24-h DBP 2.64 0.98-8.39 0.73 0.13-2.94 1.24 0.44-3.56 0.30 0.03-2.04
PP
Mean 24-h PP 0.55* 0.33-0.85 1.40 0.74-2.69 0.86 0.47-1.50 1.07 0.36-3.33
Mean daytime PP 0.61* 0.39-0.93 1.43 0.79-2.75 0.92 0.53-1.57 0.88 0.31-2.54
Mean nighttime PP 0.62* 0.40-0.91 1.28 0.72-2.30 0.85 0.50-1.43 1.44 0.54-3.76
Maximum 24-h PP 0.97 0.73-1.29 1.34 0.90-2.08 1.20 0.87-1.70 0.64 0.25-1.27
Minimum 24-h PP 0.58* 0.37-0.86 1.43 0.86-2.59 0.69 0.39-1.15 1.27 0.46-3.38
CV of 24-h PP 2.04* 1.07-4.14 0.75 0.27-1.66 2.50 0.95-7.50 0.04* 0.00-0.50
HR
Mean 24-h HR 0.61* 0.37-0.98 4.07* 1.83-11.88 0.47* 0.23-0.87 4.92* 1.36-36.99
Mean daytime HR 0.61* 0.37-0.96 3.74* 1.66-10.92 0.54* 0.28-0.98 3.26* 1.04-16.38
Mean nighttime HR 0.61* 0.37-0.96 4.04* 1.91-11.29 0.55% 0.30-0.95 6.87* 1.79-81.34
Maximum 24-h HR 0.78* 0.60-0.99 1.85* 1.27-3.19 0.84 0.58-1.18 1.29 0.70-2.57
Minimum 24-h HR 0.79 0.47-1.34 3.04* 1.45-7.94 1.13 0.59-2.24 0.73 0.22-2.15
CV of 24-h HR 0.65 0.22-1.77 1.73 0.43-7.30 1.15 0.35-3.84 0.84 0.08-5.80
Dipper pattern 1.10 0.35-3.70 2.04 0.29-27.74 0.44 0.10-1.81

OR and 95% CI for increase of 10 mm Hg or 10 beats/min as appropriate based on variables appearing in backward selection model.
BP indicates biood pressure; HR, heart rate; SBP, systolic blood pressure; CV, coefficient of variation; DBP, diastolic blood pressure; PP, pulse pressure; NIHSS,
National Institutes of Health Stroke Scale; OR, odds ratio; Cl, confidence interval.

*Statistically significant difference (P<<0.05).

findependence analysis, adjusted for age, previous ischemic stroke, and baseline NIHSS score.
$Poor outcome analysis, adjusted for age, previous ischemic stroke, current smoking habits, and baseline NIHSS score.

with better clinical outcomes, whereas those on Day 7 were
not. The second major finding was that lower HR profiles on
Days 1 and 7 were also independently associated with better
outcomes. In addition, we clarified SBP patterns during acute
stroke as dipper, nondipper, or riser SBP, although they were
not associated with outcomes.

Brain edema, hemorrhagic transformation, recanalization
of occluded cerebral arteries, mental stress, and antihyperten-
sive therapy are potential factors that could affect acute-phase
BP levels. Of these, mass effect due to brain edema and
hemorrhagic transformation causes elevated BP and vice
versa. Brain edema and hemorrhagic transformation are key
factors to link acute high BP and poor outcomes.*!7-1® The
spontaneous decline in BP during the initial hours sometimes

reflects the recanalization of occluded cerebral arteries, which
often results in favorable outcomes.?>?! Mental stress of
hospital admission contributes to elevated BP'!; release from
the stress can lower BP and possibly improve clinical
conditions. Some patients received antihypertensive therapy
on the initial day or during the first week, mainly due to
having extremely high BP levels or underlying cardiovascular
diseases. Such therapy would affect BP and HR levels,
although influence of acute BP-lowering on stroke outcomes
has not been clarified.??

The present results showed a highly significant association
between 3-month outcomes and lower SBP and DBP on Day
1 on any whole day, daytime, or nighttime recording. Figure
3 shows a monotonous linear association between SBP levels
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Figure 3. Multivariate-adjusted ORs and 95% Cls for 3-month
outcomes among quintiles for mean 24-hour SBP levels on Day
1. Adjusted for age, previous ischemic stroke, and baseline
NIHSS score. SBP indicates systolic blood pressure; NIHSS,
National Institutes of Health Stroke Scale; mRS, modified
Rankin Scale.

and outcomes. Some studies summarized in a meta-analysis!
have identified a similar monotonous relationship, whereas
others have demonstrated a U-shaped relationship between
the initial BP and poor outcome with the best outcome being
associated with SBP levels between 140 and 180 mm Hg.?
Our study included few patients with stroke and severe heart
failure who were generally hypotensive and had poor out-
comes. The BP profiles of these patients on Day 7 did not
predict outcomes at 3 months, partly because of a decrease in
the effects of acute brain damage on cardiovascular modula-
tion and therapeutic intervention including antihypertensive
therapy during the initial week.

The variability of BP in chronic stroke affects long-term
outcomes, and the impact of BP variability in acute stroke on
outcomes has recently been discussed.?*-2¢ The present study
is unique in that differences in diurnal and nocturnal BP
levels, typical BP variability, were assessed in consecutive
patients with acute stroke. The nondipper and riser patterns
were identified in >75% of our patients on both Days 1 and

Table 3. Association Between Fall in BP Between Day and
Night and 3-Mo Outcomes

Dipper Nondipper Riser

Day 1
Overall patients 23 (22%) 51 (49%) 30 (29%)
Patients with independent ADL 14 (21%) 33 (50%) 19 (29%)
Patients with poor outcome 2 (17%) 6 (50%) 4 (33%)
Day 7
Overall patients 18 (24%) 36 (49%) 20 (27%)
Patients with independent ADL 12 (26%) 23 (50%) 11 (24%)

Patients with poor outcome 0 (0%) 4 (44%) 5 (56%)

No significantly difference in pattern distribution between patients with or
without independent ADL or between those with or without poor outcomes.
BP indicates blood pressure; ADL, activities of daily living.

7. However, abnormal nocturnal BP dipping and the coeffi-
cient of variation of 24-hour BP levels were not associated
with outcomes. The circadian rhythm of BP is disrupted
during acute stroke and normalizes after a few weeks.2”-2° To
determine the significance of the rhythm espécially on Day 1
seems difficult because an acute consciousness disturbance as
well as early initial intensive care for acute stroke might
deprive patients of usual day/night life rhythms.

HR is an easily measurable predictor of total, cardiovas-
cular, or noncardiovascular mortality in the general popula-
tion.30-32 However, the role of HR seems to be understudied
in patients with acute stroke. The present findings of a high
HR on Days 1 and 7 as an indicator of poor chronic outcomes
might be partly due to the mass effect of large infarcts,
hemorrhagic transformation, and autonomic dysfunction dur-
ing acute stroke, because they all cause tachycardia and poor
outcomes. Atrial fibrillation is another key cause of both
tachycardia and poor outcomes due to large embolic infarcts.

Our study had some limitations. First, this single-center
observational study included a relatively small patient cohort,
which would cause statistical bias. A single-center registra-
tion would cause institute-specific selection bias. At least,
baseline characteristics, stroke subtypes, and baseline Na-
tional Institutes of Health Stroke Scale score of the present
patients were similar with known nationwide registration
studies in Japan such as the Japan Muiticenter Stroke Inves-
tigators’ Collaboration study and the Japan Standard Stroke
Registry Study.?®3* The small sample size, especially when
grouped into smaller subgroups, caused wide 95% CI after
multivariate analyses and limited statistical power. Second,
because we started all ABPM measurements at the same time
(10 aMm), the intervals between stroke onset and ABPM
differed among the patients.

Several factors can cause hypertensive response during
acute stroke, including inadequately treated or undetected
chronic hypertension before stroke onset,?s increased sympa-
thoadrenal tone with subsequent renin release and vasocon-
striction because of impaired cardiac baroreceptor sensitiv-
ity,>37 and stress responses to hospitalization, urinary
retention, or conscious disturbance; some of these do not last
long. In our cohort, any components of admission BP or HR
did not predict chronic outcomes. Thus, BP should be
frequently and consecutively measured to minimize the in-
fluence of unexpected factors and to accurately assess the
clinical significance of acute BP levels. ABPM appears to be
a practical and appropriate method for such assessment. A
systemic review involving 20 studies with 5683 patients
shows the advantage of ABPM over routine clinical BP
measurement as a diagnostic tool for hypertension and
suggests that ABPM leads to more appropriate targeting of
antihypertensive treatment than the routine measurement.38 In
a general population from the Ohasama study, ABPM had
stronger predictive power for stroke risk than did screening
routine BP measurement.® Thus, ABPM may also have the
strong predictive power for stroke outcomes. A randomized
trial to control acute BP and HR levels is warranted to
determine whether low BP and HR levels can directly
improve outcomes or whether patients with predicted im-
proved outcomes tend to have low BP and HR levels.
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Age-Specific Differences in Outcomes After
Out-of-Hospital Cardiac Arrests

™

WHAT'S KMOUWN ON 718 SUBJEST: Recent data indicate that
pediatric out-of-hospital cardiac arrests (OHCAs) are not rare,
and survival rates are greater than those for adults. However, it
remains unclear whether children are more likely 1o survive with
favorable neurclogic outcomes after OHCAs,

WHAT THIR STUDRY 40B%: Pediatric patients with OHCAs had higher
rates of survival with favarable neurslogic outcomes than did adults.
Outcomes and patient characteristics differed among age groups.
This study’s results suggest the importance of age-specific
approachas to address this important public health problem.

M

OBIECTIVE: We assessed out-of-hospital cardiac arrests (OHCAs) for
various pediatric age groups.

METHREES: This prospective, population-based, observational study in-
cluded all emergency medical servicetreated OHCAs in Osaka, Japan,
between 1899 and 2006 (excluding 2004). Patients were grouped as
adults {>17 years), infants {<<1 year), younger children (1~4 years),
older children (5-12 years), and adolescents (13-17 years). The pri-
mary outcome measure was 1-month survival with faverable neuro-
togic outcome,

RESULTE: Of 950 pediatric OHCAs, resuscitations were attempted for
875 patients (92%; 347 infants, 203 younger children, 138 older chil-
dren, and 190 adolescents). The overall incidence of nontraumatic pe-
diatric OHCAs was 7.3 cases per 100 000 person-years, compared with
64.7 cases per 100000 person-years for adults and 655 cases per
100 000 person-years for infants. Most infant DHCAs occurred in homes
{93%) and were not witnessed (30%). Adolescent OHCAs often ceourred
outside the home (45%), were witnessed by bystanders (37%), and had
shockable rhythms (18%). One-month survival was more common after
nentraumatic pediatric OHCAs than adult OHCAs (8% [56 of 740 pa-
tients] vs 5% [1677 of 33 091 patients]; adjusted odds ratio; 2.26 {95%
confidence interval: 1.63-3.13]). One-month survival with favorable
neurologic outcome was more common among children than aduits
(3% [21 of 740 patients] vs 2% [648 of 33 091 patients]; adjusted odds
ratio: 2.46 [95% confidence interval: 1.45-4.18]}. Rates of 1-month sur-
vival with favorable neurologic outcorne were 1% for infants, 2% for
younger children, 2% for older chitdren, and 11% for adolescents.

GONGLUSIEN, Survival and favorable neurologic cutcome at 1 month

were more commeon after pediatric 0HCAs than adult 0HCAs. Pedratrics
2011:128:¢812~e820
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Qut-of-hospitat cardiac arrest (OHCA)
is a leading cause of death among
adults in industrialized countries.! Ex-
tensive emergency medical service
(EMS) systems have focused on im-
proving outcomes for this major public
health problem. However, pediatric
OHCAs have engendered relatively less
public health interest, in part because
they have been congidered rare evenis
with dismal outcomes?

More-recent data indicated that pedi-
atric OHCAs are not so rare and chil-
dren areg more likely 1o survive OHCAs
than are adulis>® Importantly, those
data did not include postresuscitation
neurologic outcomes; therefore, it re-
mains unclear whether children are
mare likely than adults to survive
OHCAs with favorable neurologic
putcomes.

The Utstein Osaka Project, which was
faunched in 1988, is a large, prospec-
tive, population-based, cohort study of
OHCAs: in Osaka, Japan, covering ~8.8
million residents with 1.4 mitlion chil-
dren (<C18 years of age).”# During the
initial 7 vears of this project, there
were ~ 1000 EMS-assessed pediafric
OHCAs. This study aims to elucidate ep-
idemiological features of these pediat-
ric OHCAs. We hypothesized that (1)
children would be more likely tfo
experience neurologically favorable
1-month survival after nontraumatic
QHCAs, compared with aduits, and (2)
the incidences, characteristics, and
outcomes of OHCAs would differ
among pediatric age groups.

METHODS

Brudy Design, Selling, and
Popsiation

This observational study enrolled all
EMS+treated pediatric and adult pa-
tients who suffered OHCAs in Osaka
Prefecture between January 1, 1999,
and December 31, 2006. Patients
from 2004 were excluded from anal-
yses because of differences in data

PEDIATRICS Volyme 178, Number 4, Dctober 2011

collected that year. Osaka has an
area of 1882 km? and both urhan and
rural communities. The population of
Osaka in 2005 was 8817 166, and
1452489 people (18%) were
younger than 18 years?

Cardiac arrest was defined as the ces-
sation of cardiac mechanical activity,
confirmed by the absence of signs of
circulation.® The arrest was pre-
sumed to be of cardiac origin unless it
was caused by trauma, drowning (sub-
mersion), drug overdose, foreign-body
asphyxia, exsanguination, or any other
noncardiac  causes, according 1o
the Utstein-style infernational guide-
lines.'® These diagnoses were deter-
mined by the physician in charge in
collaboration with the EMS rescuers.
The research protocol was approved
by the institutional review board of
{saka University, with the assent of the
EMS authorities of the focal govern-
ments in Osaka Prefecture.

EUAS Svstems in Osaks

In Osaka Prefecture, there were 34 fire
stations with emergency dispatch cen-
ters in 2006. The EMS system is oper-
ated by the local fire stations. The most
highly trained prehospital emergency
care providers are emergency life-

saving technicians, who are autho-

rized fo insert intravenous lines and
adjunct airways and to use semiauto-
mated external defibrillators for pa-
tients with OHCA. Specially frained
emergency life-saving technigians
were permitted to provide tracheal in-
tubation for adults after July 2004 and
to administer epinephrine intrave-
nously for adults after April 20081
However, they are not supposedto pro-
vide either tracheal intubation or in-
travenously administersd epinephrine
for children. The use of automated ex-
ternal defibrillators by citizens was le-
gally approved in July 2004.' Do-not-
resuscitate orders or living wills are
not generally accepted in Japan, and
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EMS providers are not permitted {o
terminate resuscitation in the field. 2
Therefore, all patients with OHCAs who
were treated by EMS personnel were
transported to a hospital and were
registered in this study. Details of the
EMS system in Osaka were described
previousiy.*

Bats Godlontion and Dusiity Uonlred

Data were collected prospectively by
using a form that included all core
data recommended in the Utstein-style
reporting guidelines for cardiac ar-
rests.’® The initial rhythm was re-
corded and diagnosed by EMS person-
nel with semiautomated defibrillators
on the scene and was confirmed by the
physician who was responsible for on-
line medical direction. The times of
EMS call receipt and vehicle arrival at
the sceng were recorded automati-
cally at the dispatch center. The times
of collapse and initiation of bystander
cardiopulmonary resuscitation (CPR)
were oblained through EMS interviews
with bystanders beforé departure
from the scene. The time of defibrilla-
tion was recorded by the semiauto-
mated defibrillator.  Defibrillators
were synchronized with the clock at
the dispateh center, as were other rel-
evant EMS time devices {eg, clocks and
watches}.

The data form was filled out by the EMS
personnel in cooperation with the phy
sicians in charge of the patient, trans-
ferred to the Osaka EMS Information
Center, and then checked by the inves-
tigators. If the data sheet was incom-
plete, then the relevant EMS personnel
were contacted and questioned and
the data sheet was completed. All sup-
vivors wers monitored for up to 1
month after the event by the EMS per-
sonnel and investigators, with the co-
operation of the Osaka Medical Associ-
ation and relevant local medical
institutions.
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Study End Paints

Neurologic outcomes were assessed
with the Glasgow-Pittsburgh Cerebral
Performange Category scale (1
good performance, 2 = moderate dis-
ability, 3 = severe cerebral disability,
4 = coma/vegetative state, and 5 =
death}.'s The primary end point was a
favorable neurslogic outcome 1 month
after OHCA, which was defined pro-
spectively as & Gerebral Performance
Category scale score of 1 or 2 or no
ghange in the Cergbral Performance
Category scale score from the prear-
rest baseline score.’® Secondary out-
come measures included return of
spontaneous circulation, admission to
the hospital, and 1-month survival.®

Statistical Snulyses

Patient characteristics and outcomes
were evaluated according to cause
and age group. The cause of OHCA was
initially categorized as traumatic or
nontraumatie, and the latter category
was subcategorized as cardiag, non-

eB14  NiTTAetal

gardiac (intracranial, respiratory, or
other), injury (submersion, foreign-
body asphyxia, hanging, drug over-
dose, or unknown), or unknown.'? Pa-
tients were categorized inta 1 of the
following pediatric age groups: infants
(<1 year of age; n = 347): younger
chitdren (1~4 years of age; n = 203);
older children (5~12 years of age; n =
138); and adolescents (13~17 years of
age; n = 190). Adults were defined as
ofderthan 17 years (n = 35 140) s8-8
The denominators for annual ingi-
dences of OHCA were derived from
2005 Japanese census datg?

Continuous variables were evaluated
with unpaired tiests and categorical
variables with y?tests. Multivariate lo-
gistic regression analyses were used
to assess the factors associated with
better neurclogic outcomes. Odds ra-
tios (ORs) and their 95% confidence in-
tervals (Cls) were calculated. We ad-
justed for potential eonfounders
including age, gender, location of ar-
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rest, activities of daily living before ar-
rest, bystander-witnessed status, by-
stander CPR status, first documented
rhythm, and time interval from the cail
to the initiation of GPR by EMS person-
nel, All of the tests were 2-tailed, and P
values of <08 were considered statis-
tically significant. Al statistical analy-
ses were performed by using SPSS
18.04 (3PS, Chicago, IL).

RESHITE
Gverall Characteristivg anl Bates

During these 7 years, 950 pediatric
OHCAs (subjects <<18 years of age)
were documented, and resuscitation
was attempted by EMS personnel in
875 cases (92%). Figure 1 shows an
overview of the EMS-4rested pediatric
OHGAs, with the outcomes, according
to. cause, witness status, and first doc-
umented rhythm. Of 740 OHCAs with
nontraumatic causes. (85%), 148 (20%)
ware witnessed by bystanders. Among
the 740 nontraumatic OHCAs, the first



TARIE 1 Incidence Rates of OHOAs According to Age Group

A) Pediatric
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cases per 100 000
person-y
Nontraumatic
No. of cases 740 343 172 "7 108 35081
incidence, estimate (35% Ch. T3 164-82) B5.5 (65.1-76.8} 77 (R.1-8:3) 25(2.1-3.0) 3.8 (3444 £4.7 (80.2-69.2)
cases per 100000
persony
Traumatic
No. of nases 135 L3 31 18 a2 2049
Ingidence, estimale {95% G, 13 012-1.5 0.8 (0.0-1.5) 14{08-2.2) 04 {0.3-0.5 29(24~34) 403 7-44)
ases per 106 000
DEFSONY

documented rhiythms were ventricular
fibrillation (VF) or pulseless ventricu-
tar tachycardia (VT} in 27 cases (4%),
pulseless electrical activity (PEA) in 91
cases (12%), and asysiole in 591 cases
{80%). Among the traumatic OHCAs, 69
{51%) were witnessed by hystanders;
the first documented rhythms were
VFIVT in 6 cases (4%), PEA in 41 cases
(30%), and asystole in 81 cases (60%).

Among patienfs with nontraumatic
OHCAs, rates of 1-month survival with
neurologically favorable outcomes af-
ter VF/VT, PEA, and asystole were 19%,
10%, and 1%, respectively. Among pa-
tients with traumatic OHCAs, only 1
{1%) survived with a neurologically Ta-
vorable guicome. Among 875 eligible
victims, we could not obtain data on
gender for 2 {<(1%), witnessed stafus
for B {1%), bystander CPR for 17 (2%),
gause for 5 (1%}, first documented
rhythm for 38 {4%), return of sponta-
neous circulation for 6 (1%), 1-month
survival for 17 (2%}, and neurologic
outcome for 1 {<1%). For OHCAs with a
nontraumatic cause, we could not ob-
tain detailed information on cause for
3 vigtims.

Fvent Sharscderistios Asomrling o
fge Brouy

The mean annual, population-based,
incidence rates of EMS-treated OHCAs
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{traumaticand nontraumatic) accord-
ing to age group are shown in Table 1.
The overall annual incidence rate for
pediatric OHCAs was 86 cases per
100 000 person-years {35% Ci: 7.6-0.6
cases per 100 000 person-years), and
the overall annual incidenge rate for
adulf OHCAs was B87 cases per
100 000 personwyears (35% CL 64.0-
73.4 cases per 100000 persen-years).
The pediatric and adult annual inci-
dence rates of nentraumatic OHCAs
were 7.3 cases per 100000 person-
years (95% GCl: 64-82 cases per
100 000 person-years) and 4.7 cases
per 100000 person-years {95% (I
80.2—-69.2 cases per 100000 person-
yaars), respectively. The incidences of
nontraumatic OJHCAS were 85.5 cases
per 100000 person-years (85% Ch
85.1~759 cases per 100000 person-
years) among infants, 7.7 cases per
100 000 person-years (85% Ch 6.1-9.3
cases per 100000 person-years)
among younger children, 2.5 cases per
100000 person-years (95% Cl: 2.1-3.0
cases per 100000 personyears)
amaong older children, and 3.9 cases
per 100 000 person-years {(85% 01 34—
44 cases per 100000 person-years)
among adolescents.

Table 2 shows the causes of EMS-
treated OHCAs according to age group.
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Overall, pediatric victims had s signifi-
cantly smaller proportion of OHCAs
with presumed cardiac causes, com-
pared with adults {30% vs 58%; OR:

. 0.53 195% Cl: 0.48~0.58]}. The propor-

tions of OHCAs with presumed cardiac
causes were 34% for infants, 31% for
younger children, 30% for older chil-
dren, and 25% for adolescents. The
proportions of OHCAs attributable to
respiratory causes, submersion, or
foreign-body asphyxia (ie, all primary
respiratory arrest-precipitated car-
diac arrests) were greater among chil-
dren than among adults (30% vs 16%;
OR: 1.86 [95% Ck 1.67-2.06]). The pro-
portions of pediatric O0HCAs precipi-
tated by respiratory arrest were 36%
for infants, 35% for younger children,
29% for older children, and 14% for
adolescents.

Patient Charastaristing

Characteristics of patients with CHCAs
with nontraumatic causes, according
to age group, are presented in Table 3.
For all pediatric age ranges {0-17
years), 58% (436 of 740 cases) of
nontraumatic OHCAs occurred in
boys. Most infants suffered OHCAs
at home (93%) and without wit-
nesses (90%). Adolescent OHCAs of-
ten occurred out of the home {(45%),
oftan were witnessed by bystanders

813



TABLE 2 Causes of OHCAs According to Age Group

n{%)
All Pediatric Patients Infants Younger Children Older Chitdren Adolascents Adults
(N == 878} {N == 3473 (N = 203 (N = 135) (N=190) (= 35 14D)
fontraumatic
Cardian 268 {30} 117.(34) 62 (31 40 (30 47 (25) 20 348 158}
Nongardias
tntracranial svent 7 (3) 5 (2) 11 (5) 8 (&) 21 1444 (4)
Respiratory® 8219 36 (10} 201 13010 11(6) 2433(0)
Other 112 {13} 72421 1547 18 (13} 9 {8 31184(®)
Injury
Submersion® 41(8) 30 18 (% 128 8 {4} 1108 (3}
Asphysia® 138 {165 86 (25) 31 {15} 13 (1) 8 ¢4) 2124 {8}
Hanging 22 {3} 240 B (0) 54 144N 1860 {5)
Brug overdoge 189 6 {0} B {3} 544 ] 188 (1)
Unknown 28 (3) 17 {6} B (3} 241 A2 258 (1)
Unknown 51 4413 10 00 0@ 183 {1y
Traumatic
Falt 43 {5} 31 105 n 29 (15) 1023 (3)
Traffic injury 921y {0 21 (1) 17 (13} 53 (28) 1026 (3)
“All cases in these categories were primary respicatory arrest-precipitated OHGAs
TABLE 3 Characteristics of Nontraumatic OHCAs Agcording to Age Group
Afl Pediatric Patients Infantls Younger Children Oider Ghildren Adolescents Adults
(N = T40) (N w343} (N= 172} (N = 117) N = 108) (¥ = 33097)
Male, 7 {36} 436.(58) 193 (56} 103 (80) 68 (58} 72 {67} 19411759}
OHGA octurrad at home, n (%) 619 (84 J201(93) 150 (87) TN 59 (55) 23675 (723
Witness statug, 77 (%}
Bystander-witnessen 148 {20) 27 (8 45 {26) 368 {31 43 (37} 11475 (35
EMS personnelwitnessed 28 {4} 6{2 848 4{3) 16 @ 2436 (8)
Not witnessed $52{76) 310 490} 118 (69 76 (85) 58 {54) 19 106 (58}
Unknown 210} g T 1{1) 040 84 ()
Bystancer CPK, n (%} 302 (41} 162 (44) 53 (31 36 {49) 41 (38 8143 (28
First docurmented rhythm, 1 (%)
VEIVT 27 43 3N 2(h 33} 18 (18} 2529 (8}
PEA g1 (121 3410} 25 (15) 21 (18) 11410 8241 (19
Asystole 581 (80 286 (B3) 142 (83) 83 (79) 75 {69) 23490 71
Unknown 31 {4) 20 {8} 3 5.44) 33 595 {2)
Interval from calt to CFR by EMS personned, 768 7 (6~% 7 {6~8) 8 (611 7 (58} 7 (6~9)

median (interquartile range), min

(37%), and had VF/VT as the first doc-
umented rhythmn 18% of cases. By
stander GPR was provided for 41% of
pediatric OHCAs, compared with 28%
of adult OHCAs (OR: 1.85 (95% ClI:
1.59-2.14]).

Burvival Gulvomes

Outcomes after nontraumatic DHCAS,
according fo age group and first docu-
mented rhythm, are shown in Table 4.
Overall 1-month survival after nontrau-
matic OHCA was more common among
children than among aduits (8% {56 of
740 patients} vs 5% [16877 of 33 091 pa-
tients]; unadjusted OR. 148 [95% LI

2816 NITTA et 4l

1.15-1.81]; adjusted OR: 2.26 [95% Cl:
1.83-2.131). One-month survival rates
after nontraumatic OHCAs were 5%
for infants, 8% far younger children,
7% for older children, and 14% for
adolsscents, Neurotogically favorable
1-month survival also was more com-
mon among children, compared with
aduits (3% [21 of 740 patients] vs 2%
[648 of 33091 patients]; unadjusted
OR: 148 [95% Cl: 0.94-2.281; adjusted
OR:2.48 [96% Cl: 1.45-4.181). Neurolog-
ically favorable 1-month survival rates
after nontraumatic OHCAs were 1% for
infants, 2% for younger children, 2%
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for older children, and 11% for adoles-
cents. Among 56 patients who survived
tmonth, 21 (38%) survived with favor-
able neurctogic outcomes.

The rates of 1-month survivai with neu-
rologically favorable outcomes after
VE were 19% (5 of 27 patients) among
al} children and 11% (285 of 2529 pa-
tients) among adults (unadjusted OR:
1.79 [95% Cl: 0.67-4.781). The rate of
neurologically favorable 1-month sur-
vival after PEA was higher amaong all
children than among adults {10% {8 of
81 patients] vs 3% [211 of 6241 pa-
trents]; unadjusted OR: 3.14 [95% Of:



TABLE 4 Outcomes After Nontraumatic DHGAS According to Age Group and First Documented Riythm

n (%}

Al Pediatric Patients infants Younger Children Qider Children Adolescents Adutts
Alt 740 343 172 17 108 33081
ROSC 190 {#8) 68 (20} 48 (28) 5T (52 37 (34) 9754 430
1-mio survival 56 (8} 18 {5 1849 8N 15 (14) 1877 {8}
Neurologically favorable outcome 2HR 4{1) kEVal 2B 12 {11} £48 {2
VYT 27 3 2 3 19 529
ROSC 1Z {44} 3 {100% 00 2 (67 7{37) 1202 (48}
1-mo suryival 7 (26) 1 (3% 0 {0} 81 532 525{2%}
Neurologically favorable outcome BESE)) g0 00 0 {0 § (26} 283 (11)
PEA a1 34 25 21 1 6241
ROSG 52 (57} 17 {50) 18 (64) 11452 TR 2856 (43)
1-mg survival 18120 5 (15) B {2} 3 {14} 4 {38} 515 (8)
Neuroiegicaliy favorable outcome 8010 2 (8) EREM] 15} 32N 211 (3}
Asystole 591 288 142 48 75 23480
ROSC 118 {20) 45 (16} 31022 22 (251 20027 5484 (23}
1-mo survivas 29 5) 12 t4} 9 (6} 48 4 (5) 533 (2
Neurolagically favorable outcome g {1 21 8 1 34 160 (0)
ROSCindicstes return of sgontanaous circulation,
156-6.331). The rates of neurologi-  logic outcomes among infants, BISGUHSBIGH

cally favorable 1-month survival after
PEA for infants, younger children,
older children, and adolescents were
5%, 12%, 5%, and 27%, respectively.

Table 5 shows adjusted ORs and their
95% Cis for neurclogically favorable
outcomes after nontraumatic OHCAs.
Adolescents were more likely to have
favorable neurologic outcomes than
were adults (11% vs 2%; adjusted OR:
5.44 [95% Ch 2.55-11.58]). in con
trast, the rates of favorable neuro-

younger children, and older children
were not demonstrably different
from the frequency among adults.
Favorable neurologic outcomes were
associated with VE/VT in comparison
with asystole {adjusted OR: 14.51
[95% Cl: 11.09-19.001), PEA in com-
parison with asystole (adjusted OR:
4.4% [95% (L 3.40-876], and
shorter time to CPR by EMS person-
nel {adjusted OR for 1-minute in-
crease: 0.81 [95% Cl: 0.78-0.84]).

TABLE S Factors Contributing to Neurologically Favorable Qutcomes After Nontraumatic OHCAs
‘ Uinadjusted OR (95% Cf Adjusted R (35% C)

1.40 {1.19~1.48) 692 {0.76-112)
263 (208331 189 {1.46~2.44)
.24 {.20-0.28) (1,56 (0.46-0.68)
295 {1.98-267) 247 (1.89-307)
0.89 {0.75-1.08) 1.15 (0.94-142)
0.80.{0.78-€.82) 081 (0.78-0.84)

Male

Good activities of daily fiving?

OHCA gocurred at home
Bystander-witnessed

Bystander-initiated GPR

interval from call to GPR by EMS personnel®
inifial rhythm

Agystole Feferance Reference

PEA B.14 {6.45-10.28) 443 (340-578)

VENVT 28.94 {23.08-36.311 14.51 {11.08-19.00)
Gardiac cause 1.81 (152-2.15) 0.86 (0.77-1.19)
Age group

Adufts (> 17 y) Reference Reference

infants (<1 y) 059 (0.22~1.59) 113 {0.26-4.66}

Younger children (1-4y) .89 (0.28-2.79) 1.42 (0.34-5.97)

Older children {(5-12y}
Adolescents (1317 y)

0.87 {0.22-3.5%) 1.46 {0.33-6.38)
6.32 {3.45~11.58) 5.44 {2.55~11.58)

» Good activities of Bailly living were defined as performznse of aga-appropriate and premorbid condition~apprepriste daily
self-care srtivities within a person’s place of residerce.

b OR for J-minute inerease infime.
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This large-scale, population-hased, co-
hort study establishes that pediatric
victims of OHCAs had higher survival
rates and higher rates of survival with
favorable neurologic ouicomes 1
month after resuscitation, compared
with adults. In addition, epidemioiogi-
cal characteristics and outcomes for
pediatric DHCAs differed according to
age group. In particular, only adoles-
cents had better outcomes than
agults.

Among adolescents, 456% of OHCAS oc-
curred outside the home, 46% were
witnessed, and 18% had VF as the first
documented rhythm. Favorable neuro-
logic outcomes were most commaon in
this age ¢group, compared with
younger age groups or adulis. inter-
astingly, adolescents were more likely
to survive with neurologically favor-
able outcomes, compared with other
age groups, irrespective of the initial
rhythm. The adjusted OR for survival
with a neurologically favorable out-
come for adolescents was 8.4 times
that for adults, with controlfing for
other potentiatly confounding factors
including initial rhythm. Perhaps ado-
lescents are physiclogically more fit
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