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Abstract
Background—Patients with un-witnessed stroke represent over 25% of all strokes. Clinical
trials enrolling patients with un-witnessed stroke onset have conservatively used ‘last known
normal’ (LKN) as the time of stroke onset. We explored the impact of alternative methods of
selecting onset time in un-witnessed strokes on eligibility into an acute stroke therapeutic trial
using a representative sample of acute stroke subjects.

Methods—We analyzed data on 641 consecutive patients with suspected stroke presenting to our
hospital from January 2007 to July 2008. Time of onset was calculated by three methods: (1)
LKN, (2) first known abnormal (FKA), (3) midpoint between LKN and FKA. Subjects with
incomplete data or a non-ischemic stroke final diagnosis were excluded. Rates of trial eligibility
based on different onset times were compared for several inclusion time windows.

Results—Onset time was known in 440 subjects (69%). Of the remaining 201 patients with un-
witnessed onset, 114 (57%) were ‘wake-up’ strokes. Among un-witnessed stroke subjects,
eligibility increased from 18% using LKN to 57% using FKA at 4.5 hours and 42% to 81% at 9
hours (p<0.001), respectively. Overall enrollment eligibility for the full cohort increased from
36% to 48% at 4.5 hours and 61% to 73% at 9 hours (p<0.001), respectively.

Conclusion—Given potential advantages in safety evaluation and the historical inadequate
enrollment rates in acute stroke trials, alternative onset time definitions, perhaps in combination
with advanced neuroimaging methods (e.g. FLAIR-DWI mismatch), should be considered for
early-phase trials.
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Background
Ischemic stroke is a dynamic process of structural and metabolic disturbances that evolve in
a non-uniform fashion over time and space. Brain tissue viability correlates with time
elapsed since onset of ischemia, so the duration of symptoms has become a critical
determinant of treatment eligibility for many trials. All of the major thrombolysis trials have
either excluded patients with unknown time of onset or conservatively assigned time of
onset as the time last known normal (LKN). Since the earliest of these trial publications, the
LKN method of assigning onset time has become firmly entrenched.

We conducted a NINDS-funded phase II acute stroke trial of normobaric oxygen to evaluate
the safety of this intervention by clinical assessments, brain imaging and molecular
biomarkers. The midpoint between LKN and the time the patient was first known to be
abnormal (FKA) was used for the time of onset. It was hypothesized that this onset time
enrollment criterion would positively impact trial enrollment and enable a more thorough
evaluation of safety. The aim of this study is to explore the impact of different methods of
determining time of onset in un-witnessed stroke on therapeutic trial eligibility in a large,
representative sample of patients presenting with symptoms of acute cerebral ischemia.

Methods
Patient Selection and Data Acquisition

Consecutive patients presenting with symptoms of acute stroke to the Massachusetts General
and Brigham and Women’s Hospitals from January 19, 2007 to July 6, 2008 were
prospectively entered into a registry. Data recorded for each patient included whether the
onset of symptoms was witnessed or not. When witnessed, time and date of onset was
recorded. If un-witnessed, the time and date the subject was LKN and FKA was recorded,
along with whether the patient awoke with symptoms present. The best available
information from the subject, their relatives and friends, and emergency medical services
personnel was used. Patients with incomplete onset-time data and whose eventual diagnosis
was not ischemic stroke, were excluded. The data was collected with approval of the
Institutional Review Board and in compliance with the Health Insurance Portability and
Accountability Act.

Analysis
TO for subjects with un-witnessed onset was assigned by three different methods: (1) LKN,
(2) the midpoint between LKN and FKA (i.e. the mean of LKN and FKA), and (3) FKA.
Time since onset is the elapsed time between the time of onset and time of initial assessment
at the hospital emergency department. Chi square tests were used to compare the proportion
of patients eligible for our normobaric oxygen stroke trial based solely on the 3 possible
onset times, the other variables for determining inclusion-exclusion remaining stable.
Proportions were calculated for 2 inclusion time windows, 4.5 hours and 9 hours.

Results
The analysis included 641 patients. Time of onset was known exactly in 440 patients
(68.6%) and unknown in the remaining 201 patients, 114 (57%) of whom reported
symptoms present upon awakening. Figure 1 shows the percentage of patients with unknown
time of onset in this study that would be assigned to commonly used time since onset
groupings based on the three methods of calculating onset time. The percentage of patients
with unknown time of onset who would be eligible for a therapy restricted to within 4.5
hours since onset increased from 17.9% using LKN, 25.9% using the midpoint, and to
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57.2% using FKA (p<0.001), and using a 9 hour restriction, from 42.2% to 63.2% to 80.6%,
respectively (p<0.001).

Due to the fact that only 31.4% of subjects presented with unknown onset time, the effect on
total enrollment was modest. As depicted in Figure 2, the percentage of all patients eligible
for the same hypothetical 4.5 hour restricted therapy would increase from 36.0% to 38.5% to
48.4% (p<0.001), and 61.0% to 67.6% to 73.0% (p<0.001) at 9 hours using the three
different time of onset calculation methods.

Discussion
Ineligibility for acute stroke therapies due to elapsed time since onset is of major
importance. In the NINDS tPA trial where a LKN criterion was used, 17,324 patients were
screened to recruit 624 eligible subjects, and most of the ineligible patients were excluded
due to the time since onset criterion.1 In an analysis of patients presenting to Calgary-area
hospitals, 32.9% were ineligible for IV tPA because of uncertain onset time.2 Our results
suggest that different methods of assigning time since onset for patients with unknown onset
time, can influence the proportion of trial-eligible subjects by approximately 12%.
Thrombolysis trials have contributed important wisdom to the design of later stroke trials,
but may now be exerting an exaggerated impact on the design of trials that require different
considerations, such as biomarker and neuroprotective agent studies.

Prior studies have shown that stroke onset in ‘wake-up’ strokes is usually closer to the
waking hours, and that the use of a rigid and universal time window is incongruent with the
physiological state of the ischemic tissue.3,4 Alternative methods for characterizing tissue
state have been inadequate.5 Significant interest is now focused on the use of FLAIR-DWI
mismatch in estimating onset time.6,7 Aside from the equivocal data to support its use in
establishing time of onset,6,7 multimodal imaging remains expensive, limited in availability
and is cumbersome to implement.

A conservative approach to selecting time of onset may be appropriate for efficacy trials, but
suboptimal for thorough safety studies. Phase I and II treatment trials could benefit from
more liberal time inclusion criteria. Collecting LKN and FKA data allows for time-related
safety characteristics to be more thoroughly explored and builds in a margin of error. Use of
a midpoint calculation will underestimate the time since onset in a small number of patients,
allowing them to undergo an intervention and thus expose any time-variant risks.
Furthermore, using the midpoint calculation method would allow investigators to report a
true mean time since onset and a more accurate statistical representation of the relationship
between time and measured outcomes. Based on these considerations, the EXTEND Trial is
currently enrolling patients for thrombolysis treatment using a midpoint calculation for its
time inclusion criterion.8 This study demonstrates that relaxing time since onset from LKN
to either a midpoint or FKA method would increase enrollment eligibility. Our phase II
study of oxygen therapy enrolling patients within 9 hours based on the midpoint method of
time since onset, appears to be the first acute stroke treatment trial to use an alternative to
the LKN method.9 Use of the midpoint method in that study is expected to facilitate accurate
correlation between stroke duration and the radiographic and molecular biomarkers being
measured in the trial.

Conclusions
A fixed time limit for all stroke-related therapies is inconsistent with the highly
individualized duration of the ischemic penumbra.1 Exclusion from acute stroke therapeutic
trials is frequently due to time ineligibility. The time of symptoms data from this
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representative sample of patients demonstrates the recruitment advantage of using alternate
time since onset definitions. Given the potential advantages in safety evaluation and the
failure of many acute stroke trials due to inadequate enrollment, alternative time since onset
definitions should be considered for early phase trials.
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Figure 1. Time Since Onset in Patients with Unwitnessed Onset
The distribution of patients into time since onset categories is shown according to the
methods of assigning time of onset (LKN, midpoint and FKA). A significant shift toward
lower time since onset categories is observed.
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Figure 2.
Total Percent of Patients Eligible
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