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Background

Early decompressive hemicraniectomy reduces mortality without increasing the risk 
of very severe disability among patients 60 years of age or younger with complete or 
subtotal space-occupying middle-cerebral-artery infarction. Its benefit in older pa-
tients is uncertain.

Methods

We randomly assigned 112 patients 61 years of age or older (median, 70 years; 
range, 61 to 82) with malignant middle-cerebral-artery infarction to either conser-
vative treatment in the intensive care unit (the control group) or hemicraniectomy 
(the hemicraniectomy group); assignments were made within 48 hours after the 
onset of symptoms. The primary end point was survival without severe disability 
(defined by a score of 0 to 4 on the modified Rankin scale, which ranges from 0 [no 
symptoms] to 6 [death]) 6 months after randomization.

Results

Hemicraniectomy improved the primary outcome; the proportion of patients who 
survived without severe disability was 38% in the hemicraniectomy group, as com-
pared with 18% in the control group (odds ratio, 2.91; 95% confidence interval, 
1.06 to 7.49; P = 0.04). This difference resulted from lower mortality in the surgery 
group (33% vs. 70%). No patients had a modified Rankin scale score of 0 to 2 (sur-
vival with no disability or slight disability); 7% of patients in the surgery group and 
3% of patients in the control group had a score of 3 (moderate disability); 32% and 
15%, respectively, had a score of 4 (moderately severe disability [requirement for 
assistance with most bodily needs]); and 28% and 13%, respectively, had a score of 
5 (severe disability). Infections were more frequent in the hemicraniectomy group, 
and herniation was more frequent in the control group.

Conclusions

Hemicraniectomy increased survival without severe disability among patients 61 years 
of age or older with a malignant middle-cerebral-artery infarction. The majority 
of survivors required assistance with most bodily needs. (Funded by the Deutsche 
Forschungs gemeinschaft; DESTINY II Current Controlled Trials number, 
ISRCTN21702227.)
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Large space-occupying middle-cere-
bral-artery or hemispheric ischemic brain 
infarcts are associated with the develop-

ment of massive brain edema, which may lead to 
herniation and early death. This condition, which 
has been described as malignant middle-cerebral-
artery infarction, is associated with 80% mortality 
due to herniation during the first week, despite 
maximal conservative treatment in the intensive 
care unit (ICU), including osmotherapy, barbitu-
rates, and hyperventilation.1-8 Conservative ther-
apies for ischemic brain edema are not supported 
by sufficient evidence from clinical trials.9,10

Decompressive hemicraniectomy (temporary 
removal of a large part of the skull) combined 
with duraplasty allows edematous tissue to expand 
outside the neurocranium, thereby preventing fatal 
internal displacement of brain tissue and subse-
quent herniation.9 A pooled analysis of three ran-
domized, controlled trials has shown the benefit 
of hemicraniectomy in patients with a malignant 
middle-cerebral-artery infarct.5-8 Early hemicra-
niectomy (i.e., within 48 hours after the onset of 
stroke) increased 1-year survival from 29% to 
78%. The rate of survival with severe disability 
was low in both groups (4% in the hemicraniec-
tomy group and 5% in the control group). For-
ty-three percent of patients who underwent 
hemicraniectomy had a relatively good outcome 
(survival with mild or moderate disability), as 
compared with 21% of patients who received 
conservative treatment.5

The upper age limit in this pooled analysis 
was 60 years. In older patients, the benefit of 
decompressive hemicraniectomy is uncertain. 
Observational data suggest that the treatment 
effect may be smaller in older patients who under-
go hemicraniectomy than in younger patients.11 In 
a study by Uhl et al.,12 12% of patients older than 
50 years of age who underwent hemicraniectomy 
survived with functional independence, whereas 
37% died or were severely disabled. Gupta et al.13 
reported that 80% of patients older than 50 years 
of age who underwent hemicraniectomy were 
severely disabled or died. In the Decompressive 
Surgery for the Treatment of Malignant Infarc-
tion of the Middle Cerebral Artery II (DESTINY II) 
study, we investigated the outcome of early 
hemicraniectomy as compared with conservative 
treatment in the ICU alone in patients 61 years 
of age or older with malignant middle-cerebral-
artery infarction.

Me thods

Design

In this prospective, randomized, controlled, 
open, multicenter trial, we randomly assigned 
patients, in a 1:1 ratio, to treatment in the ICU 
alone (the control group) or early hemicraniec-
tomy (the hemicraniectomy group). Randomiza-
tion was performed with the use of an online tool 
(www.randomizer.at) within 48 hours after the 
onset of symptoms.

This investigator-initiated trial was sponsored 
by the German Research Foundation. It was ap-
proved by the institutional review boards of the 
University Hospital of Heidelberg and of all par-
ticipating centers. DESTINY II was conducted at 
13 German sites between August 2009 and May 
2013. All patients or their legally authorized rep-
resentatives provided written informed consent.

The study was designed by the steering com-
mittee and two of the authors. All the authors had 
full access to the data and vouch for the com-
pleteness and accuracy of the data; there was no 
writing assistance from anyone who is not listed 
as an author. There was no commercial support 
for this study. The published trial protocol includes 
details of randomization, a complete list of inclu-
sion and exclusion criteria, details of the surgical 
and control treatments, and the statistical analy-
sis plan.14 The protocol is also available with the 
full text of this article at NEJM.org.

Patients

Patients were eligible for inclusion in the study if 
they were 61 years of age or older, had clinical 
symptoms of acute unilateral middle-cerebral-
artery infarction with an onset of symptoms less 
than 48 hours before the initiation of treatment, 
and had scores higher than 14 (in patients with 
an infarction in the nondominant hemisphere) or 
higher than 19 (in patients with an infarction in 
the dominant hemisphere) with reduced levels of 
consciousness on the National Institutes of 
Health Stroke Scale (NIHSS) (total scores on the 
NIHSS range from 0 to 42, with higher scores 
indicating more severe stroke). An additional cri-
terion for inclusion was ischemic infarction of at 
least two thirds of the middle-cerebral-artery terri-
tory, including the basal ganglia, on brain imaging.

Exclusion criteria were a preexisting score of 
more than 1 on the modified Rankin scale (on a 
scale of 0 to 6, with 0 indicating no symptoms 
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and 6 indicating death) or a preexisting score of 
less than 95 on the Barthel index of functional 
levels in activities of daily living (on a scale rang-
ing from 0 [complete dependence] to 100 [inde-
pendence] in increments of 5). Additional exclu-
sion criteria were the absence of pupillary 
reflexes, a score of less than 6 on the Glasgow 
Coma Scale (on which scores range from 3 to 15, 
with lower scores indicating reduced levels of 
consciousness), hemorrhages or other associated 
brain lesions, contraindications to surgery, or an 
estimated life expectancy of less than 3 years.

Treatment

Treatment was initiated within 48 hours after the 
onset of symptoms and not later than 6 hours 
after randomization. Conservative treatment op-
tions, based on a consensus protocol used by all 
participating centers, included basic therapy in 
the ICU for stroke; osmotherapy with the use of 
mannitol, glycerol, or hypertonic hydroxyethyl 
starch; sedation; intubation and mechanical ven-
tilation; hyperventilation; and administration of 
buffer solutions. Surgical treatment consisted of 
a large hemicraniectomy (with a diameter of at 
least 12 cm) and duroplasty. The surgical stan-
dards and the conservative treatment protocol 
are detailed in the study protocol.14

Outcomes and End Points

Data were collected during hospitalization and at 
two follow-up visits scheduled 6 months (plus or 
minus 14 days) and 12 months (plus or minus 14 
days) after randomization. Follow-up assessment 
was performed by study physicians who were 
otherwise not involved in the trial or treatment of 
the patients. The primary outcome was a score of 
0 to 4 on the modified Rankin scale at 6 months. 
Secondary end points, assessed 12 months after 
randomization, included the survival rate, the 
NIHSS score, the score on the modified Rankin 
scale, the level of activities of daily living (accord-
ing to the Barthel index), quality of life as mea-
sured by means of the Medical Outcomes Study 
36-Item Short-Form Health Survey (SF-36) (with 
scores ranging from 0 [severely affected] to 100 
[not affected]) and the EuroQoL Group 5-Dimen-
sion Self-Report Questionnaire (EQ-5D) visual-
analogue scale (with scores ranging from 0 
[worst] to 100 [best]), the level of depression ac-
cording to the Hamilton Depression Rating Scale 
(HDRS) (with scores ranging from 0 to 52 and 

scores >19 indicating severe depression), and ad-
verse events, including surgical complications. 
Patients or their caregivers (if patients were un-
able to understand the question because of severe 
cognitive impairment or aphasia) were also asked 
the question “Do you, in retrospect, consent to 
the treatment you received?”

Statistical Analysis

DESTINY II was designed as a sequential trial to 
stop recruitment as soon as harm, futility, or ef-
ficacy was shown, with the use of an overall two-
sided significance level of 5% in the analysis of 
the primary end point. Sequential interim analy-
ses were performed according to prespecified 
rules with the use of Whitehead’s triangular test 
for binary outcomes (PEST software, version 4.4) 
each time a patient reached the primary end 
point.15,16 The result is reported as an odds ratio 
with a bias-corrected 95% confidence interval, 
adjusted for the sequential nature of the trial.15-17 
The sample size was determined for 90% power, 
assuming success rates of 31.0% (in the hemicra-
niectomy group) and 8.6% (in the control group); 
these rates correspond to a log odds ratio of 1.56.

In each interim analysis, the preliminary data 
set included data from all patients for whom 
complete end-point information was available, 
and the triangular test was performed on the log 
odds ratio. As soon as an interim analysis 
showed a significant difference in success rates 
or the criterion for stopping for futility was 
reached, the data and safety monitoring board 
was informed, and the steering committee was 
asked to stop the trial if that was the board’s 
recommendation. It was assumed that at that 
time, additional patients had already undergone 
randomization but had not yet reached the 
6-month assessment of the primary end point. 
The confirmatory analysis is based on all pa-
tients who underwent randomization (the inten-
tion-to-treat population). The findings of the 
sensitivity analyses are reported in the Supple-
mentary Appendix (available at NEJM.org) for the 
preliminary data set and the per-protocol data 
set, which excluded data from 11 patients with 
major protocol violations (i.e., crossover and de-
layed end-point assessment), as well as for the 
modified Rankin scores, dichotomized as 0 to 
3 versus 4 to 6, and the raw modified Rankin 
scores.18 All results for secondary end points 
refer to the intention-to-treat population evalu-
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ated 12 months after stroke. Summary statistics 
are reported as raw frequencies. Tests of group 
differences were made with standard methods 
(chi-square test, Wilcoxon rank-sum test, or log-
rank test, depending on the type of variable). 
Group comparisons were based on data on the 
survivors and on the intention-to-treat popula-
tion, with a worst-case assumption for missing 
end points in patients who had died and, for pa-
tients with an unknown modified Rankin score 
or NIHSS score, imputation of the last known 
observation after randomization (last observation 
carried forward, or 6-month results for the 
modified Rankin scale).

R esult s

Study Patients

Between August 2009 and March 2012, a total of 
112 patients were randomly assigned to a study 
group. Baseline demographic and clinical charac-
teristics of the patients are shown in Table 1. Fig-
ure S1 in the Supplementary Appendix shows ran-
domization, treatment, and outcomes. Patient 
recruitment was stopped on the recommendation 
of the data and safety monitoring board after 82 
patients (40 patients in the hemicraniectomy group 
and 42 patients in the control group) had been as-
sessed for the primary end point at 6 months (Fig. 
S2 in the Supplementary Appendix). At that time, a 
total of 30 additional patients (9 patients in the 
hemicraniectomy group and 21 patients in the con-
trol group) had undergone randomization but had 
not yet reached the 6-month follow-up evaluation.

Primary End Point at 6 Months

In the intention-to-treat population (all 112 pa-
tients), 20 of 49 patients in the hemicraniectomy 
group had a score of 4 or better on the modified 
Rankin scale versus 10 of 63 patients in the con-
trol group (bias-corrected estimate of the rate of 
survival without severe disability, 38% in the 
hemicraniectomy group and 18% in the control 
group; odds ratio, 2.91 in favor of hemicraniec-
tomy; 95% confidence interval [CI], 1.06 to 7.49; 
P = 0.04) (Table 2). Whereas the analysis of the 
raw modified Rankin scores in a sequential pro-
portional-odds model confirmed this result (bi-
as-corrected odds ratio, 3.97; 95% CI, 1.39 to 
8.76; P = 0.01), on the modified Rankin scale, 
scores dichotomized as 0 to 3 (survival without 
moderately severe disability) versus 4 to 6 did not 
reveal significant effects of hemicraniectomy. 

Detailed results of all sensitivity analyses are 
provided in Figures S2 through S5 and Tables S2 
and S3 in the Supplementary Appendix.

No patients who survived had a score of 0 to 
2 on the modified Rankin scale. Only 7% of pa-
tients in the hemicraniectomy group had a score 
of 3 on the modified Rankin scale, as compared 
with 3% in the control group. The rates for a score 
of 4 on the modified Rankin were 32% and 15%, 
respectively. A score of 5 on the modified Rankin 
scale was more frequent in the surgery group 
(28% vs. 13%), whereas death occurred much less 
frequently in the surgery group (33% vs. 70%) 
(Fig. 1A).

Secondary End Points at 12 Months

The 12-month survival rate was 57% (95% CI, 42 
to 72) in the hemicraniectomy group (27 of the 
47 patients for whom survival status was known) 
and 24% (95% CI, 14 to 37) in the control group 
(15 of the 62 patients for whom survival status 
was known) (Fig. 2). Table 2 shows the percent-
ages of patients in each group with various scores 
on the modified Rankin scale. In the intention-
to-treat analysis, in which worst values were im-
puted for patients who had died, all secondary 
end points (raw modified Rankin score, NIHSS 
score, Barthel index score, SF-36 score, HDRS 
score, and EQ-5D score) were significantly better 
in the hemicraniectomy group. This effect was 
caused by the large difference in mortality and by 
the worst-case imputation of missing end points 
in patients who had died (Table 2). Analyses of 
secondary end points that excluded patients who 
had died did not show any significant differences 
between the groups (Table 2). Among surviving 
patients, 63% of those in the hemicraniectomy 
group and 53% of those in the control group gave 
retrospective consent to treatment (Table S5 in 
the Supplementary Appendix). The outcome was 
not influenced by withdrawal of care in either 
treatment group.

Figure S8 in the Supplementary Appendix shows 
the SF-36 quality-of-life scores among survivors 
in DESTINY II, as compared with the average 
scores in a population of older survivors of mild 
or moderate stroke and the general population 
of older persons without stroke.19,20

Safety

Eighty-eight serious adverse events were reported 
in the hemicraniectomy group and 84 serious ad-
verse events were reported in the control group 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic

Hemicraniectomy 
Group  

(N = 49)

Control  
Group  

(N = 63)

Age — yr

Median 70 70

Range 62–82 61–80

Sex — no. (%)

Male 25 (51) 31 (49)

Female 24 (49) 32 (51)

Preexisting modified Rankin scale score — no. (%)†

0 39 (80) 53 (84)

1 10 (20) 10 (16)

2–6 0 0

Preexisting Barthel index score‡

Median 100 100

Range 95–100 95–100

Site of infarction — no. (%)

Middle cerebral artery 36 (73) 40 (63)

Middle cerebral artery and anterior cerebral artery 11 (22) 18 (29)

Middle cerebral artery and posterior cerebral artery 2 (4) 5 (8)

Stroke in dominant hemisphere — no. (%) 16 (33) 25 (40)

Glasgow Coma Scale score§

Median 12 10

Range 6–15 6–15

NIHSS total score¶

Assessable — no. (%) 34 (69) 39 (62)

Median 20 21

Range 15–40 15–38

Time from onset of symptoms to randomization — hr

Median 25 26

Range  12–49  9–47

Time from onset of symptoms to hemicraniectomy — hr

Median 28 NA

Range 16–50 NA

Adherence to assigned treatment — no. (%) 48 (98) 62 (98)

Provision of informed consent — no. (%)

Patient 7 (14) 5 (8)

Legal representative 12 (24) 12 (19)

Relative, application for legal representation,  
or independent physician‖

30 (61) 46 (73)

* NA denotes not applicable.
† Scores on the modified Rankin scale range from 0 to 6, with 0 indicating no symptoms, 1 no substantial disability de-

spite the presence of symptoms, 2 slight disability, 3 moderate disability necessitating some help, 4 moderately severe 
disability, and 5 severe disability; a score of 6 indicates death. Persons with a score of 0, 1, or 2 are considered to be 
functionally independent.

‡ Scores on the Barthel index range from 0 (complete dependence) to 100 (independence) in increments of 5.
§ Scores on the Glasgow Coma Scale range from 3 to 15, with lower scores indicating reduced levels of consciousness.
¶ Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating 

more severe neurologic impairment.
‖ In some cases, a relative or independent physician vouched for the patient before enrollment in the study, or an appli-

cation for legal representation was used in lieu of informed consent before enrollment. Written informed consent was 
obtained from all patients or their legal representatives after enrollment.
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Table 2. Secondary Outcomes at 12 Months.*

Outcome

Hemicraniectomy  
Group 

 (N = 49)

Control 
Group  

(N = 63) P Value

Intention- 
to-Treat 

Population
Surviving 
Patients

no. of patients/total no. (%)

Modified Rankin scale score <0.001 0.73

0–2 0/47 0/62

3 3/47 (6) 3/62 (5)

4 15/47 (32) 7/62 (11)

5 9/47 (19) 5/62 (8)

6 20/47 (43) 47/62 (76)

NIHSS total score <0.001 0.70

17–42 7/22 (32) 3/10 (30)

8–16 14/22 (64) 4/10 (40)

0–7 1/22 (5) 3/10 (30)

Barthel index score 0.002 0.34

60–100 3/27 (11) 5/13 (38)

0–55 24/27 (89) 8/13 (62)

SF-36 score† <0.001 0.86

Mental component

51–100 10/25 (40) 6/12 (50)

26–50 14/25 (56) 6/12 (50)

0–25 1/25 (4) 0/12

Physical component <0.001 0.43

26–100 11/25 (44) 5/12 (42)

0–25 14/25 (56) 7/12 (58)

Hamilton Depression Rating Scale 
score ‡

<0.001 0.97

0–19 18/18 (100) 5/6 (83)

20–52 0/18 1/6 (17)

EQ-5D visual-analogue scale score§ <0.001 0.94

51–100 6/22 (27) 2/10 (20)

26–50 10/22 (45) 5/10 (50)

0–25 6/22 (27) 3/10 (30)

* There were 27 known survivors in the surgery group and 15 known survivors in the control group.
† Both the mental-component and physical-component summary scores of the Medical Outcomes Study 36-Item Short-

Form Health Survey (SF-36) range from 0 to 100, with higher scores indicating greater well-being. In this study, no pa-
tients had a mental-component summary score higher than 75 and no patients had a physical-component summary 
score higher than 50.

‡ Scores on the Hamilton Depression Rating Scale range from 0 to 52, with higher scores indicating greater severity of 
symptoms and scores higher than 19 indicating severe depression.

§ Scores on the EuroQoL Group 5-Dimension Self-Report Questionnaire (EQ-5D) visual-analogue scale range from 0 
(worst quality of life) to 100 (best quality of life).
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(Table S6 in the Supplementary Appendix). Infec-
tions were more frequent in the hemicraniectomy 
group. In addition, 23 complications related to 
initial hemicraniectomy and bone-flap reimplan-
tation were reported: 5 hemorrhages, 10 cases of 
pain requiring pharmacologic treatment, 1 hygro-
ma, 1 incident related to anesthesia, and 6 non-
specified events, 5 of which were classified as 
serious adverse events. The most frequent serious 
adverse events in the control group were nervous 
system disorders (mainly herniation and brain 
edema). Causes of death are listed in Table 3. An 
increased rate of early death due to herniation in 
the control group was the only major difference 
between the two treatment groups.

Discussion

The DESTINY II trial was stopped for reasons of 
efficacy after the reductions in deaths and severe 
disability at 6 months had become significant. 
This treatment effect remained stable after inclu-
sion of all randomly assigned patients and after 
12 months of follow-up.

The question of an age limit for hemicraniec-
tomy in patients with malignant middle-cerebral-
artery infarction is controversial among neurolo-
gists and neurosurgeons. The uncertainty about 
whether surgery is beneficial in older patients 
with stroke, for whom the overall prognosis is 
poorer than that for younger patients with stroke, 

Hemicraniectomy
Group (N=49)

Percent

Percent

Control Group
(N=63)

Control Group
(N=62)

0

7 32 28 33

19326 43

3 15 13 70

5 11 8 76

20 40 60 80 100

0 20 40 60 80 100

Modified Rankin Score

3 4 5 6 

Modified Rankin Score

3 4 5 6 

Hemicraniectomy
Group (N=47)

A

B

6 Months

12 Months

Figure 1. Functional Outcome after Hemicraniectomy and after Conservative Treatment Alone According to  
the Modified Rankin Score.

The primary end point was survival without severe disability, defined as a score of 0 to 4 on the modified Rankin 
scale (range, 0 to 6, with 0 indicating no symptoms and 6 indicating death). The results shown are the probability 
estimates for all patients who underwent randomization (the intention-to-treat population). Panel A shows the bias-
corrected distribution of scores on the modified Rankin scale at 6 months. Panel B shows the raw distribution of 
Rankin scores at 12 months.
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stems from heterogeneous results of retrospec-
tive and uncontrolled observational studies and 
is reflected in numerous reviews and commen-
taries.11-13,21-28

Our randomized trial provides comparative 
evidence regarding the efficacy of hemicraniec-
tomy in patients older than 60 years with malig-
nant middle-cerebral-artery infarction. The ben-
efit of hemicraniectomy with respect to the 
primary end point was significant. However, the 
size of the difference between the groups was 
smaller than that observed in similar trials in-
volving younger patients and was mainly driven 
by the reduction in mortality. After 12 months, 
only 6% of the patients older than 60 years of 
age who underwent hemicraniectomy had a 
score of 3 on the modified Rankin scale, where-
as 43% of younger patients had a score of 3 or 
even 2. This result was not unexpected.14 In 
general, the outcome after stroke is age-depen-
dent, and chances for a better outcome decrease 
with age. In this trial, surgery reduced 1-year 
mortality by 33%, as compared with a 50% re-
duction in a prior trial involving younger pa-
tients, and the rate of survival with a score of 5 
on the modified Rankin scale at 1 year was 19%, 
as compared with 4% among younger patients.5

The score on the modified Rankin scale is 

frequently dichotomized as a “favorable” or “un-
favorable” outcome to estimate the benefit of a 
therapy. For patients who survive malignant mid-
dle-cerebral-artery infarcts, these terms are prob-
ably not adequate, and they sparked controversial 
discussions after the randomized hemicraniec-
tomy trials involving younger patients.29,30 The 
terms “acceptable” and “unacceptable” may be 
more appropriate for a disease with a proven 
treatment that is lifesaving but results in sur-
vival with moderate or severe disability, but this 
is a discussion that goes beyond the report of this 
trial. Survival with substantial disability instead 
of death is an outcome that may be acceptable to 
some patients and caregivers and may not be 
acceptable to others. A majority of patients and 
caregivers gave retrospective consent to the treat-
ment they received. This result should be inter-
preted with caution, given that 25 of 42 survi-
vors (16 in the hemicraniectomy group and 9 in 
the control group) could not adequately answer 
this question because of severe aphasia or neu-
ropsychological deficits. Nonetheless, this find-
ing is consistent with observations in younger 
patients.31

Standard outcome measures such as the mod-
ified Rankin scale, the Barthel index, and the 
NIHSS focus on motor abilities but neglect other 
relevant deficits. Disability, however, is a com-
plex construct that includes factors such as sta-
tus with respect to depression, coping strategies, 
and cognitive functions, which are not assessed 
by these scales. In DESTINY II, we included a num-
ber of established instruments to evaluate other 
dimensions of the outcome after severe stroke. 
Quality of life assessed by means of the EQ-5D 
and the SF-36 was clearly impaired in survivors 
in our trial as compared with patients with less 
severe stroke and persons 60 years of age or 
older in the general population (Fig. S8 in the 
Supplementary Appendix).19,20 It was, however, 
similar to that of survivors of severe traumatic 
brain injury, subarachnoid hemorrhage, or intra-
cerebral hemorrhage.32-35 Quality of life was also 
similar to or even better than that in younger 
patients with malignant middle-cerebral-artery 
infarcts.8

Symptoms of depression are common in stroke 
survivors. Among survivors in our trial who were 
able to complete the depression scale, the fre-
quency of major depression was similar to the 
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Figure 2. Kaplan–Meier Estimates of Survival in the Hemicraniectomy  
and Control Groups.

The effect of hemicraniectomy in reducing mortality was clearly due to in-
creased survival rates in the early phase, but it remained stable throughout 
the whole observation period.
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reported frequencies in the overall population of 
patients with stroke, among patients with cerebral 
hemorrhage, and among younger patients with 
malignant middle-cerebral-artery infarcts.8,31,36-39 
These results should be interpreted cautiously, 
because depression was assessed in only 57% of 
survivors because of aphasia.

The number of serious adverse events was 
similar in the two treatment groups. The slight 
excess in numbers in the hemicraniectomy 
group is best explained by the longer survival 
time and the longer stay in the ICU, reflected in 
the numerically higher rate of infections in the 
surgery group. In the control group, the excess 
of serious adverse events related to the central 
nervous system was due to herniation, which 
was the leading cause of death in the trial.

Despite our observation of the efficacy of 
hemicraniectomy in older patients with malig-
nant middle-cerebral-artery infarction, the treat-
ment decision for such patients remains diffi-
cult. One may argue that survival with a score 
worse than 3 on the modified Rankin scale is 
not an acceptable outcome. Certainly, the quality 
of life and activities of daily living were consid-
erably impaired in our patients who underwent 
hemicraniectomy, but these outcomes are simi-
lar to those in patients who have sustained other 

severe brain injuries. Our trial provides helpful 
information for health professionals, patients, 
and their caregivers who must decide whether or 
not to pursue hemicraniectomy. This trial showed 
that the most probable alternative to early hemi-
craniectomy is death. Most patients who under-
went hemicraniectomy and survived had subse-
quent disability that was moderate or severe. 
Only a small minority of older patients who un-
derwent hemicraniectomy survived without dis-
ability severe enough to require assistance with 
most bodily needs, and one third of the survi-
vors had very severe disability (complete depen-
dence according to the Barthel index).

In conclusion, early hemicraniectomy signifi-
cantly increased the probability of survival among 
patients older than 60 years of age with malig-
nant middle-cerebral-artery infarction, but most 
survivors had substantial disability. Important 
questions such as the long-term effect of chronic 
disability and patient characteristics associated 
with a greater or lesser benefit from hemicrani-
ectomy require further research.
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Table 3. Causes of Death.

Variable

Hemicraniectomy 
Group 

(N = 49)

Control  
Group

(N = 63)

Total deaths — no. 20 47

Deaths from 0–14 days after randomization — no. of deaths/
total no. (%)

Neurologic: herniation 4/20 (20) 34/47 (72)

Non-neurologic: pneumonia, myocardial infarction, or sepsis 1/20 (5) 2/47 (4)

Total 5/20 (25) 36/47 (77)

Deaths from 15 days–12 mo after randomization — no. of 
deaths/total no. (%)

Neurologic: new contralateral infarct 2/20 (10) 2/47 (4)

Non-neurologic

Pulmonary embolism 2/20 (10) 0/47

Pneumonia, sepsis 5/20 (25) 4/47 (9)

Myocardial infarction 0/20 2/47 (4)

Unknown 6/20 (30) 3/47 (6)

Total 15/20 (75) 11/47 (23)
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SUMMARY 

 

Title: 

DEcompressive Surgery for the Treatment of Malignant INfarction of the Middle 

Cerebral ArterY II 

 

Background: 

Patients with space-occupying supratentorial ischemic infarcts – so-called malignant 

middle cerebral artery (MCA) infarcts – have a poor prognosis despite maximum 

intensive care treatment. Only about 30% survive under maximum conservative 

treatment. Decompressive hemicraniectomy represents an alternative treatment 

option. Randomized trials have demonstrated that early hemicraniectomy not only 

reduces mortality from about 70% to 20%, but also show that the risk of being very 

severely disabled is not increased and averages 4-5%. More than 40% of survivors 

show a comparable good clinical outcome after early hemicraniectomy compared to 

about 20% of patients treated conservatively. However, only patients up to 60 years 

have been included in these randomized trials, although patients older than 60 years 

represent about 50% of all patients with malignant MCA infarction. The effect of 

hemicraniectomy in these older patients is still controversial. Data from observational 

studies suggest that in older patients, hemicraniectomy reduces mortality from about 

90% to 74% only. However, older patients in these studies were treated less 

aggressively and often later than younger patients. Therefore, the usefulness of 

hemicraniectomy in older patients is currently doubtful and leads to great uncertainty 

in everyday’s clinical practice. 

 

Aim: 

DESTINY II aims to investigate the effect of early hemicraniectomy compared to 

conservative treatment alone regarding mortality and functional outcome in patients 

with malignant MCA infarct older than 60 years. 

 

Study design: 

DESTINY II is a prospective, randomized, controlled, open, multicenter, two-armed, 

comparative trial. 
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Study population: 

Patients older than 60 years with malignant MCA infarcts. Patients are randomized to 

either conservative treatment alone or additional early hemicraniectomy. 

 

Endpoints:  

The primary endpoint is the patient’s disability measured by the modified Rankin 

Scale (mRS) and dichotomized 0-4 versus 5+6 after 6 months. Secondary endpoints 

include the mRS, continuously and dichotomized between 0-3 versus 4-6, the 

Barthel-Index, neurological outcome according to the NIH Stroke Scale (NIHSS), 

language disturbance measured by the Aachen Aphasia Inventory (AAT), quality of 

life according to the Stroke Impact Scale (SIS) and the EuroQoL-5D, and 

complications by operative treatment after 1 year. 

 

Statistical design: 

The trial uses a sequential statistical design analyzing statistical significance after 

every single primary endpoint that has been reached. The trial shall be stopped as 

soon as there is a statistical significant difference between the two treatment groups. 

 

Possible risks: 

There will be no further interventions or diagnostics in addition to routine treatment 

and hemicraniectomy. Surgical treatment includes the known risks of 

hemicraniectomy. 
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HDRS  Hamilton Depression Rating Scale 
ICP   intracranial pressure 
IMBI   Institut für Medizinische Biometrie und Informatik (Institute of Medical 

Biometry and Statistics) Heidelberg  
ITT   intention-to-treat 
KKS  Koordinierungszentrum für Klinische Studien Heidelberg (Coordinating 

Center for Clinical Trials) Heidelberg 
loc   level of consciousness 
MCA   middle cerebral artery 
mRS   modified Rankin Scale 
MRI   magnetic resonance imaging 
NIH   National Institutes of Health 
NIHSS National Institutes of Health Stroke Scale 
OP   operation 
OPS   overrunning patients 
PaCO2 partial arterial carbon dioxide pressure 
PaO2  partial arterial oxygen pressure 
PCA   posterior cerebral artery 
pCO2  partial carbon dioxide pressure 
PEEP  positive end-expiratory pressure 
PEST  Planning and Evaluation of Sequential Trials 
PI   principle investigator 
PO2   partial oxygen pressure 
PPS   per protocol analysis set 
SAF   safety analysis set 
SaO2  arterial oxygen saturation 
SDV   source data verification 
SF-36  Short Form-36 Health Survey 
SOP   standard operating procedure 
SAE   severe adverse event 
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INTRODUCTION 

 

Scientific background 

Space-occupying cerebral ischemic infarcts are associated with cytotoxic, interstitial, 

and vasogenic brain edema of different extent. They usually occur 2 to 5 days after 

infarction (Ropper 1984, Frank 1995, Hacke 1996, Heinsius 1998). Depending on the 

celerity of formation, its extent, and on individual compensating mechanisms of the 

patient, ischemic brain edema may lead to severe brain tissue shifts, eventually 

leading to transtentorial or transforaminal herniation after days with consecutive 

compression of vital brain areas, where increased intracranial pressure (ICP) and, 

probably even more important, displacement of brain tissue play a pivotal role 

(Schwab 1996). Transtentorial herniation is responsible for 78% of deaths during the 

first week in patients with space-occupying supratentorial ischemic stroke (Silver 

1984). For those catastrophic infarcts the term malignant middle cerebral artery 

(MCA) infarct was introduced (Hacke 1996) 

Under natural course prognosis of patients after space-occupying edema formation in 

malignant ischemic stroke is poor. In larger prospective studies or randomized trials 

mortality averaged 50-80% despite maximum conservative intensive care treatment 

(Kasner 2001, Hacke 1996, Berrouschot 1998, Wijdicks 1998, Vahedi 2007), 

including osmotherapy (glycerol, mannitol, or hyperosmolar hydroxyl-ethyl starch 

(HAES)), ICP lowering therapies (barbiturates, buffer solutions, or hyperventilation), 

and neuroprotective therapies such as moderate hypothermia (Jüttler 2007). 

Although widely used, none of these conservative therapies is supported by 

adequate evidence from clinical trials demonstrating a benefit concerning mortality or 

clinical outcome (Hofmeijer 2003, Bardutzky 2007). Several authors doubt the use of 

these therapies and suggest that they are ineffective or even detrimental (Hacke 

1996, Schwab 1997, Schwarz 1998, Schwarz 2002, Wijdicks 1998, Bereczki 2004, 

Righetti 2000, Adams 2005, Muizelaar 1988, Muizelaar 1991, Kaufman 1992, 

Bardwaj 2000, Candelise 1975, de Courten-Myers 1994, Hoff 1982, Kaufmann  992, 

Manno 1999, Nau 1992, Nau 1997, Norris 1986, Pappas 1981, Qizilbash 2000, 

Shapiro 1985, Stringer 1993, Videen 2001, Woodcock 1982, Zornow 1996, Rockoff 

1979, Hofmeijer 2003, Bardutzky 2007, Jüttler 2007). Furthermore, monitoring of ICP 

seems to be little effective in long-term treatment, because increases of ICP usually 



 

 
DESTINY II Study Protocol 06/11/2009 

 

2

occur late, when severe tissue shifts have already occurred, and ICP lowering 

therapies often do not affect local brain edema (Schwab 1996). Despite the doubtful 

use of these conservative strategies and the use of invasive ICP monitoring, these 

option are currently used in many centers treating patients with space-occupying 

ischemic infarcts and brain edema (Adams 2005, Wijdicks 2000). 

Because of the limited potential of conservative therapies decompressive 

hemicraniectomy has been suggested as an alternative option in space-occupying 

brain edema treatment after ischemic stroke. The procedure is comparatively simple 

and can be performed in every neurosurgical center. Removing a large part of the 

skull allows edematous tissue to stretch outside the neurocranium, thereby avoiding 

displacement of brain tissue and ICP increase. Another hypothesis is that, as a 

consequence decreased local pressure, cerebral perfusion may be restored or at 

least maintained around the infarct, thereby avoiding secondary brain injury (Schwab 

1996). 

In contrast to most often unsuccessful medical treatment hemicraniectomy is indeed 

much more promising after malignant cerebral infarcts. In animal experiments 

hemicraniectomy reduces mortality and histological tissue damage and improves 

functional outcome (Forsting 1995, Doerfler 1996, Doerfler 2001, Engelhorn 1999, 

Hofmeijer 2004), which is also suggested by several case reports and smaller case 

series in the 1980s and larger retrospective studies in the 1990s (Schwab 1996, 

Carter 1997, Koh 2000, Delashaw 1990, Kalia 1993, Rengachary 1981) and 

meanwhile supported by larger prospective studies and finally recent randomized 

trials (Hacke 1996, Rieke 1995, Schwab 1998, Mori 2001, Vahedi 2007, Vahedi 

2007-2, Jüttler 2007-2). In a pooled analysis of three randomized trials early 

hemicraniectomy after space-occupying ischemic stroke reduces mortality from 71% 

to 22%. The proportion of patients, who remain severely disabled (GOS 2-3* or mRS 

5*) is small and is not increased by hemicraniectomy compared to conservative 

treatment (4% and 5%, respectively). More than 40% of survivors after 

hemicraniectomy show a comparable good clinical outcome (GOS 3-4 or mRS 2-3) 

compared to 20% after conservative treatment. In addition, the proportion of patients 

who are independent in activities of daily living (mRS 2) increases more than 7 times. 

The proportion of patients with mild to moderate disability (mRS 3) doubles. 

However, also the proportion of patients with moderate to severe disability (mRS 4) is 
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increased 12-fold. Therefore, the decision to perform hemicraniectomy depends on 

the willingness of patients (or caregivers) to live with remaining and permanent 

disability of different degree, based on individual decision making in every single 

patient (Vahedi 2007). 

As in the majority of acute stroke therapies, age is one of the most important 

prognostic factors for functional outcome in hemicraniectomy (Gupta 2004). The 

definition of an age limit for decompressive surgery has been one of the major 

controversies in stroke and neurointensive care medicine for many years. This 

controversy is based on heterogeneous results of available observational trials: 

After conservative treatment in patients <60 years Wijdicks et al. observed a mortality 

rate of 44% compared to 100% in patients >60 years. However, the authors have 

investigated 33 patients only (15 versus 18) (Wijdicks 1998). In larger case series 

(more than 50 and up to 200 patients) mortality in older patients is not increased and 

is as high as 50% to 80% (Hacke 1996, Berrouschot 1998, Kasner 2001). Data on 

functional outcome comparing older and younger patients after conservative 

treatment are insufficient. 

Data on hemicraniectomy are much more heterogeneous. Some smaller case series 

show worse outcome results in patients older than 60 years (Scarcella 1956, Sakai 

1998, Walz 2002, Pranesh 2003, Robertson 2004, Yao 2005, Kilincer 2005, Harscher 

2006, Rabinstein 2006), whereas others found no significant differences (Delashaw 

1990, Carter 1997). The study by Leonhardt et al. represents the most often cited 

case series concerning an age limit for hemicraniectomy in patients with malignant 

MCA infarcts. 15 patients <60 years were compared to 9 patients >60 years using 

the Barthel-Index. None of those patients >60 years had a Barthel-Index >50 at 

follow-up, whereas all but one patient <60 years had a Barthel-Index >50. This study, 

however, has to be interpreted with caution because of methodological shortcomings: 

In the summary of their report the authors mention 26 patients having been included. 

Of those 6 had died (3 <60 years, 3 >60 years), another 2 were lost for follow-up. 

Because patients who died are not represented in the Barthel-Index, the results 

suggest a better clinical outcome in younger patients than actually present. Of the 18 

patients who were available for analysis only 14 were visited, 4 were interviewed by 

phone. One patient does not occur in the final analysis. Finally, 6 patients >60 years 

are compared to 11 patients <60 years, which are numbers too small to draw any 
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conclusions in a retrospective analysis. In addition, patients >60 years have been 

treated almost 24 hours later than younger patients (mean time to hemicraniectomy 

34.6h versus 58.2h) (Leonhardt 2002). It is a common finding in many case series 

that older patients are treated later, often when signs of herniation have already 

occured (Kilincer 2005). 

Larger case series and comparative studies also show heterogeneous results: In the 

study by Uhl et al. 192 patients were included and functional outcome was analyzed 

using the Glasgow Outcome Scale (GOS). 126 patients >50 years were compared to 

66 patients ≤50 years: 33% of patients ≤50 had a good clinical outcome (GOS 4 or 5) 

compared to 12% of patients >50 years. 23% of patients ≤50 died or were severely 

disabled compared to 37% of patients >50 years (Uhl 2004). 

Gupta et al. analyzed data of 138 patients. Age was the only variable significantly 

influencing clinical outcome. In the age group of 11-30 years 33% of patients were 

independent, 47% had mild to moderate disability, 13% were severely disabled, and 

7% died. In the age group of 31-50 years 8% of patients were independent, 56% had 

mild to moderate disability, 19% were severely disabled, and 17% died. Among 31-

50 years old patients 8% were independent, 56% were moderately disabled, 19% 

were severely disabled, and 17% died. In patients >50 years 1% of patients were 

independent, 19% had mild to moderate disability, 48% were severely disabled, and 

32% died (Gupta 2004). Validity of these results is limited, due to the fact that none 

of these studies compared hemicraniectomy with conservative treatment (i.e. no 

study had a control group). 

The largest prospective study on conservative therapy or hemicraniectomy revealed 

no relevant differences between patients younger and older than 60 years: Mortality 

after conservative treatment was 81% versus 70% after conservative treatment 

compared to 50% versus 31% after hemicraniectomy, respectively. 54% of younger 

and 33% of older patients showed a good clinical outcome (mRS ≤3) after 

hemicraniectomy. No patient was very severely disabled (mRS 5) (Rieke 1995).  

A smaller comparative study by Yang et al. showed worse results: Whereas mortality 

in patients >60 years was much lower after hemicraniectomy (20% compared to 73% 

after conservative treatment), none of these patients showed a good clinical outcome 

(Yang 2005). 
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Data on older patients from randomized trials are lacking, because only patients up 

to 60 years have been included in these trials so far. Comparison of clinical outcome 

in patients 50-60 years with patients <50 years shows no statistically significant 

differences (Vahedi 2007), neither after hemicraniectomy nor after conservative 

treatment. 

The following figures demonstrate data of patients from the literature, where 

individual patient data were available. Currently individual patient data are available 

in 386 patients with clinical outcome data available in 351 of these patients: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparing these data hemicraniectomy seems to reduce mortality in all age groups. 

However, in older age groups fewer patients seem to show a good clinical outcome. 
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Interpretation of these data is problematic: None of the studies included in this 

analysis is randomized, most are retrospective, and treatment procedures are very 

heterogeneous. Most of all, prognostic factors such as occlusion of the internal 

carotid artery (ICA), additional infarcts of the anterior cerebral artery (ACA) and/or the 

posterior cerebral artery (PCA), severity of infarct according to the NIH Stroke Scale 

(NIHSS), and time to treatment start differ between the age groups. By trend younger 

patients are treated even when poor prognostic factors are present, such as 

occlusion of the ICA or additional infarcts of the ACA or PCA. On the other hand, 

older patients show a trend towards more severe infarcts. Older patients are also 

often treated less aggressively, especially when they deteriorate, and therapy in older 

patients is less often escalated and sooner ceased. 

 

age group 

(years) 

infarcts of 

the dominant 

hemisphere 

occlusion of 

the ICA 

additional 

infarcts of 

the 

ACA/PCA 

NIHSS score 

on admission 

(median) 

GCS before 

treatment 

(median) 

Time to 

treatment (h) 

10-20 50% 43% 67% 20 4 45 

21-30 33% 73% 67% 22 6 38 

31-40 36% 65% 40% 27 6 44 

41-50 24% 33% 21% 24 8,5 49 

51-60 36% 29% 35% 24,5 7 43 

61-70 31% 17% 34% 28 6 45 

71-80 37% 11% 54% 27 7 46 

≥80 0% 0% 100% na na na 

na = not applicable 

 

Although current data suggest an important effect of age on clinical outcome after 

hemicraniectomy, available data are insufficient for decision making in older patients 

with malignant MCA infarction, or even to define an age limit where patients do not 

profit from hemicraniectomy anymore. This question is of enormous clinical 

relevance: In Germany, the percentage of patients >60 years averages 40% of all 

patients with malignant MCA infarction according to data from an observational study 

performed in the 1980s (Balzer 1987). With regard to our aging population this 

percentage (and thus the absolute number of patients) is assumed to be even higher 

and may continue to increase over the next decade. A sufficient answer can only be 

given by randomized controlled trials. 
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* mRS 0 = no symptoms, no disability, no restriction in activities of daily living, no support by others necessary, able to walk 

without assistance 

mRS 1 = remaining symptoms, but no disability, no restriction in activities of daily living, no support by others necessary, able to 

walk without assistance 

mRS 2 = remaining symptoms, leading to slight disability, but no relevant restriction in activities of daily living, no support by 

others necessary, able to walk without assistance 

mRS 3 = remaining symptoms, leading to moderate disability and relevant restriction in activities of daily living, partial support 

by others necessary, able to walk without assistance 

mRS 4 = remaining symptoms, leading to severe disability and relevant restriction in activities of daily living, support by others 

necessary in most activities, unable to walk without assistance 

mRS 5 = remaining symptoms, leading to very severe disability and relevant restriction in activities of daily living, support by 

others necessary in all activities (bedridden, incontinent), unable to walk without assistance 

mRS 6 = dead 

 

GOS 5 = good recovery; no symptoms or normal activities of daily living despite symptoms 

GOS 4 = moderate disability; symptoms leading to restriction in daily living, but independent by others 

GOS 3 = severe disability; dependent by others in most or all activities of daily living 

GOS 2 = persistent vegetative state; no obvious cortical function 

GOS 1 = dead 

 

A score on mRS of 0 corresponds to a score of 5 on GOS. 

A score on mRS of 1 corresponds to a score of 4-5 on GOS. 

A score on mRS of 2 corresponds to a score of 4 on GOS. 

A score on mRS of 3 corresponds to a score of 3-4 on GOS. 

A score on mRS of 4 corresponds to a score of 3 on GOS. 

A score on mRS of 5 corresponds to a score of 2-3 on GOS. 

A score on mRS of 6 corresponds to a score of 1 on GOS. 
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AIMS OF THE TRIAL 

 

The trial aims to analyze the benefit of early decompressive hemicraniectomy (within 

48 hours of symptom onset) in addition to conservative treatment versus 

conservative treatment alone in patients with malignant MCA infarcts. 

 

Hypothesis 

Early hemicraniectomy in addition to conservative treatment reduces mortality and 

very severe disability (congruent to a score on the mRS of 5) in patients with 

malignant MCA infarcts compared to conservative treatment alone. 

 
 
 
TREATMENT PROCEDURES 
 

 

Decompressive hemicraniectomy 

Decompressive hemicraniectomy consists of a large hemicraniectomy and a 

duraplasty. In summary, a large (reversed) question mark-shaped skin incision based 

at the ear is made from the ipsilateral ear to the occiput, sparing the facial nerve. 

After separating the temporal muscle and preparation of the galea periost, a bone 

flap with a diameter of at least 12 cm, including the frontal (up to the middle pupilar 

line), parietal (up to 2 cm lateral of the sinus sagittalis superior), temporal (down to 

the base of the middle cranial fossa) and parts of the occipital (up to 4 cm behind the 

outer ear canal) squamae, is removed. If necessary, additional temporal bone is 

removed so that the floor of the middle cerebral fossa can be explored. The dura is 

opened and an augmented dural patch, consisting of homologous periost, temporal 

fascia, or lyophylized cadaver dura is inserted. Resection of necrotic tissue is 

optional but not recommended. Insertion of an intracranial pressure probe or other 

monitoring probes is optional but not obligatory. The dura is fixed at the margin of the 

craniotomy to prevent epidural bleeding. The temporal muscle and the skin flap is 

then re-approximated and secured. After surgery, patients are transferred to the 

intensive care unit (ICU). In surviving patients, cranioplasty is performed after 6 

weeks to 6 months, using the stored bone flap (at -80 °C) or an artificial bone flap 

(Unterberg 2007, Jüttler 2007). 
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Conservative treatment including intensive care management 

So far no mode of conservative treatment in malignant MCA infarcti has been proven 

to be efficient or superior to another. As a result, treatment options may vary from 

one institution to another. The following recommendations are the result of a 

consensus protocol of all participating centers (Hacke 1997, Steiner 2001, Demchuk 

1999, Hofmeijer 2003, Bardutzky 2007, Jüttler 2007). Intensive care treatment may 

vary between centers, but has to be standardized within each participating center. 

1. Osmotherapy: Osmotherapy may be started at any time point after randomization. 

The use of mannitol (20%, 100 ml or 0,5-1.0 g/kg every 4-6 hours, maximum 2.5 g/kg 

per day), glycerol (10%, 250 ml, 4 times per day), or hydroxyl-ethyl starch (6% in 

0,9%-saline, 100-250 ml every 8 hours, maximum 750 ml per day) is left at the 

discretion of the treating physician. Dosage depends on ICP values (as far as 

available) and on serum osmolality, which should reach 315 to 320 mOsm. In 

addition, in particular in combination with mannitol, and under rigorous control of 

serum sodium levels, 10%-saline (repeatedly administered as 75 ml boluses) may be 

used (Steiner 1997, Jüttler 2007). 

2. Intubation and mechanical ventilation: Patients should be intubated at a GCS 

score below 8, when there are any signs of respiratory insufficiency (arterial pO2 <60 

mmHg and/or pCO2 >48 mmHg), reduced swallowing or coughing reflexes, or when 

the airway is compromised. Earlier intubation and mode of ventilation are left at the 

discretion of the treating physician. Target blood gas values are: PaO2 >75mmHg, 

PaCO2 36-44 mmHg; in patients with ICP values >20 mmHg: PaO2 >100 mmHg, 

PaCO2 35-40 mmHg, 5 cm H2O PEEP, SaO2 >90%. Patients should be extubated as 

soon as possible (Steiner 1997, Georgiadis 2001, Georgiadis 2002). 

3. Hyperventilation: The use of hyperventilation is discouraged in the early phase of 

treatment. In the case of further neurological deterioration and/or uncontrolled 

increase of ICP, hyperventilation may be started as ultima ratio. If hyperventilation is 

started, it is advised to monitor venous oxygenation with jugular bulb oxymetry and to 

maintain O2 saturation >50%. Arterial pCO2 may be reduced to 28-32 mmHg (Steiner 

1997, Demchuk 1999, Jüttler 2007). 
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4. Buffer solution may be used as last option when other therapeutic attempts have 

failed. Trimethamine (THAM, Tris-buffer) is recommended (1 mmol/kg as bolus over 

45 minutes, followed by 0.25 mmol/kg per hour, arterial target-pH 7.5-7.55). If ICP 

does not decrease 10-15 mmHg within 15 minutes after treatment start, treatment 

should be considered as ineffective. 

5. Hypothermia is not recommended within this trial due to the heterogeneous data 

concerning mode of cooling, target temperature and duration of treatment as well as 

due to a lack of comparative data and evidence regarding the effectiveness of 

hypothermia in the treatment of malignant cerebral infarction. Nevertheless, this 

treatment is optional (Schwab 1998, Bernard 2003, Steiner 2001, Georgiadis 2002, 

Colbourne 2000, Corbett 2000, De Georgia 2004, Krieger 2001, Gulumna 2006, 

Maier 1998, Milhaud 2005, Kollmar 2002, Yanamoto 2001, van der Worp 2007). 

6. ICP monitoring: The use and mode of invasive ICP monitoring and the choice of 

equipment is left at the discretion of the treating physician. If used, measurement 

should be performed in the ipsilateral side (Schwab 1996, Schwab 1997). 

7. Sedation: The mode of sedation is left at the discretion of the treating physician. 

The use of barbiturates is discouraged, because they may reduce cerebral perfusion 

pressure and often do not lead to sustained control of intracranial pressure. The use 

of muscle relaxants is left at the discretion of the treating physician (Schwab 1997, 

Jüttler 2007). 

8. Blood pressure control: Blood pressure is controlled according to the latest 

recommendations of the treatment of acute ischemic stroke (ESO 2008). The use of 

catecholamines or antihypertensive drugs is left at the discretion of the treating 

physician (Chalela 2005, Dohmen 2007, Schwarz 2002, Woitzik 2006). An exception 

is made in patients after decompressive surgery. Increased systolic blood pressure 

during the first 8 hours after surgery is reduced to 140-160 mmHg to avoid severe 

bleedings (Jüttler 2007). 

9. Positioning: Flat head positioning is recommended. In patients at risk for aspiration 

or pneumonia or after intubation elevation of the head of 15 to 30° is recommended 

(Drakulovic1999, Feldman 1992, Schwarz 2002, Meixensberger 1997, Moraine 2000, 

Ng 2004, Rosner 1986, Schneider 1993, Schulz-Stubner 2006). 
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10. Body core temperature: Normothermia is recommended. Elevated body 

temperature is treated as soon as it exceeds 37.5 °C (ESO 2008). The use of 

antipyretics, external cooling or intravasal cooling is left at the discretion of the 

treating physician (Busto 1987, Castillo 1998, Morikawa 1992, Reith 1996). 

11. Blood glucose level: Blood glucose level should not exceed 140 mg/dl (8 mmol/l), 

with a target level of 80-110 mg/dl using insulin if necessary. Hypoglycemia is treated 

with infusion of 10% or 20% glucose solution (ESO 2008, van den Berghe 2001).  

12. Hemoglobin concentration should be >10 g/dl (Hb>10 g/dl) using erythrocyte 

concentrates if necessary. 

13. For prophylaxis of deep venous thrombosis low-molecular-weight heparins s.c. 

are recommended. 

 
 
 
STUDY DESIGN 
 
Prospective, randomized, controlled, open, multicenter, two-armed, comparative trial.  
 
 
 

RANDOMIZATION 

After admission, clinical examination, neuroimaging, verification of in- and exclusion 

criteria and informed consent, patients are randomly assigned (1:1) to one of the two 

treatment groups: 1. conservative treatment alone or 2. hemicraniectomy within 48 

hours of symptom onset plus conservative treatment. Randomization of the patient in 

one of the two groups is done on the basis of pseudonyms via internet 

(www.randomizer.at). In order to ensure a balanced distribution of both therapies in 

each participating center, randomization is stratified for center. In case of failure to 

randomize a patient online, a 24-hour/7-day phone service is provided for alternative 

randomization by sealed envelopes. 
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PATIENTS 

Sample size 

According to the available data based on observational studies and case reports until 

2007 (90 publications, 1834 patients, 386 with individual data, 351 of those with 

available outcome data, including 106 >60 years, 35 of those treated conservatively 

and 71 by hemicraniectomy) the expected success rate is 8.6% in the conservative 

arm and 31.0% in the surgical arm, respectively. The absolute difference of success 

rate is 22.4 %, the log-odds-ratio θ is 1.56. In a classic study design the expected 

difference of the primary endpoint would require the inclusion of 65 patients per arm 

corresponding to a total number of 130 patients. According to the triangular test for 

the binary endpoint the sequential design requires a lower number of patients: a 

significant difference is expected with a probability of 50% after enrolment of 66 

patients (33 per arm), and with a probability of 90% after inclusion of less than 130 

patients. The maximum number of cases is 160 (80 per arm). 

 
Inclusion criteria 

Subjects meeting all of the following criteria will be considered for inclusion in the 

trial: 

1. age 61 years or older, either sex, 

2. clinical signs and symptoms of an unilateral MCA infarction, 

3. NIHSS score >14 (for infarcts of the non-dominant hemisphere) or >19 (for infarcts 

of the dominant hemisphere) (Brott 1989), * 

4. level of consciousness (LoC) on item 1a of the NIHSS >0, * 

5. symptom onset before <48 hours before treatment start (operation or admission to 

the ICU),  

6. neuroradiological findings (non-contrast cranial computed tomography (CCT)- or 

magnetic resonance imaging (MRI)-based in- or exclusion criteria): unilateral 

ischemic infarction of the MCA territory, involving the complete or subtotal territory, 

and at least partially including the basal ganglia. An additional involvement of the 
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ACA or PCA territories is optional. These criteria may be evident either in initial 

neuroimaging or in any follow-up before randomization:  

CCT: hypodense lesion; MRI: diffusion lesion, involving the complete or subtotal 

unilateral MCA territory, at least partially involving the basal ganglia and (Barber  

2003, Oppenheim  2000, Hofmeijer  2008, Thomalla  2003),  

7. possibility to start treatment within 6 hours after randomization,  

8. informed consent by the patient or his/her legal representative. In case neither the 

patient is capable of giving informed consent nor a legal representative is available, 

informed consent can be given by adjudication by a legally competent judge or by an 

independent physician neither involved in the patient´s treatment nor the trial (see 

ETHICAL AND LEGAL ASPECTS). 

* these inclusion criteria cannot be doubtlessly evaluated in intubated, mechanical ventilated 

sedated and/ or relaxed patients and thus do not account for inclusion. 

 

Exclusion criteria 

Subjects presenting with any of the following criteria will not be included in the trial: 

1. pre-morbid mRS score more than 1, or pre-morbid Barthel-Index less than 95 

(Mahoney 1965, Rankin 1957),  

2. coincidental or timely associated other brain lesion (i.e. trauma and others),  

3. absence of pupil reflexes,  

4. Glasgow Coma Scale (GCS) score <6,  

5. secondary space-occupying hemorrhage in the area of infarction (PH2),  

6. known systemic bleeding or coagulation disorder,  

7. life expectancy less than 3 years,  

8. other concomitant severe disease that would confound with treatment,  

9. other clear contraindication for treatment,  
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10. pregnancy, 

11. participation in any other interventional trial (participation in other observational 

trials is allowed). 

 

 

TRIAL SCHEDULE AND DOCUMENTATION 

 

Schedule 

After admission, clinical examination, initial imaging, verification of in- and exclusion 

criteria and informed consent (visit 1) patients are randomly assigned (1:1) to one of 

the two treatment groups. Treatment is started in each group within no later than 48 

hours after symptom-onset and no later than 6 hours after randomization (visit 2). 

According to the trial protocol visit 2 is followed by 2 further visits at 6 months (visit 3) 

and at 1 year (visit 4) after randomization. These two visits are part of the trial and 

are performed by investigators, who did not participate in the patient’s treatment. 
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Visit 1: Screening: Inclusion/exclusion criteria

Informed consent

Randomization

Visit 2: Conservative
treatment without

hemicraniectomy

Treatment start within
48 hours af ter 

symptom onset and 
within 6 hours af ter 

randomization

maximum n=80

Visit 2: Conservative
treatment plus

hemicraniectomy

Treatment start within
48 hours af ter 

symptom onset and 
within 6 hours af ter 

randomization

maximum n=80

Visit 3: primary endpoint af ter 6 months

Visit 4: secondary endpoints af ter 1 year
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Documentation 
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age, gender, height, weight Xc    

time and date of symptom onset and admission Xc    

Modified Rankin Scale Xa, c  X X 

Barthel-Index Xa, c   X 

NIH Stroke Scale Xc   X 

Glasgow Coma Scale Xc    

neuroimaging (CT, MRT): time and date, infarct 
localization, infarct size, involvement of ACA/PCA 
territory, involvement of basal ganglia, 
contralateral infarct, parenchymal hematoma 

Xc    

inclusion/exclusion criteria X    
informed consent X  Xb Xb 
randomization: time and date, random-number, 
treatment arm 

X    

treatment: time and date of treatment start, 
treatment arm 

 X   

skull re-implantation: time and date    X 
SF-36    X 
EuroQoL 5D    X 
Hamilton Depression Rating Scale    X 
Aachener Aphasia Test    X 
retrospective agreement    X 

SAE  X X X 

a pre-morbid status; b if patient was not capable of giving informed consent previously and has 
regained his/her capability of giving informed consent; c routine examination 
 

 

DURATION OF THE TRIAL 

Based on the number of patients treated in the participating centers within the past 3 

years and the assumption that the number of recruited patients averages 5 per 

month after activation of all participating centers, the duration of the trial is estimated 

4 years, including initiation and evaluation, or 3 years starting with the inclusion of the 

first patient, respectively. 
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PUBLICATION OF RESULTS 

After finalization of biometric evaluation the IMBI will prepare a final report, signed by 

the members of the Steering Committee and the responsible biometricians. Trial 

results are published regardless of their statement. The members of the Steering 

Committee and the leading biometricians of the IMBI are included as authors. The 

Steering Committee decides on authorship, the order of authors, and journals as well 

as partial results and partial aspects of the final evaluation. 

 

 

PARTICIPATING CENTERS 

To qualify for participation in this trial, a center has to demonstrate a sufficient 

number of patients to be recruited and a 24-hours-a-day-availability of adequate 

apparative, operative and intensive care medical equipment as well as sufficient 

experience in the treatment of space-occupying cerebral infarctions according to the 

guidelines mentioned above. 

To assure these standards, centers are requested to demonstrate at least 5 

documented cases of hemicraniectomy as well as at least 5 cases of conservative 

treatment without hemicraniectomy in patients with space-occupying hemispheric 

cerebral infarcts within the past 2 years before participation in this trial. This 

documentation consist of an at least half-page narrative about treatment procedures 

and process as well as the imaging-records (CCT and/or MRI), describing the course 

of the disease and – in case of hemicraniectomy – operation according to the 

guidelines described above. The Steering Committee assesses compliance with 

these requirements. 

 

The following centers have expressed their will to participate: 

Charité Berlin 

Universitätsklinik Dresden 

Universitätsklinik Erlangen 

Universitätsklinik Essen 

Universitätsklinik Frankfurt 

Universitätsklinik Freiburg 

Universitätsklinik Giessen 
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Universitätsklinik Göttingen 

Universitätsklinikum Halle 

Universitätsklinik Hamburg 

Medizinische Hochschule Hannover 

Universitätsklinik Heidelberg 

Klinikum Karlsruhe 

Universitätsklinik Kiel 

Universitätsklinik Köln 

Universitätsklinik Leipzig 

Universitätsklinik Mainz 

Universitätsklinik Mannheim 

Klinikum Minden 

Universitätsklinik München (LMU) 

Universitätsklinik München (TUM) 

Universitätsklinik Münster 

Universitätsklinik Tübingen 

Universitätsklinik Würzburg 

 

Other centers are welcome. 

 
 
CONCOMITANT THERAPY, NEUROIMAGING AND SAFETY LABS 

Therapies in addition to the intensive care medical and operative treatment described 

above, labs in addition to standard labs, and neuroimaging in addition to standard 

imaging are not planned in this trial. Stroke treatment is performed according to the 

recent standards of the European Stroke Organisation (ESO). 

 

 



 

 
DESTINY II Study Protocol 06/11/2009 

 

19

ENDPOINTS OF THE TRIAL 

Primary endpoint 

Functional outcome according to the mRS, dichotomized at a score of 0 to 4 versus 5 

or 6, recorded 6 months ± 14 days after randomization. 

 

Secondary endpoints 

All secondary endpoints are recorded at 1 year ± 14 days after randomization. 

• median survival time (time from randomization to death by any reason on the 

basis of Kaplan-Meier-estimation) 

• overall mortality (death of any reason) 

• time from initial surgery to bone flap re-implantation, if applicable 

• rate of surgery-related complications (after initial surgery and after bone flap 

re-implantation including surgery-related hemorrhage requiring blood 

transfusions, anesthesia-related incidents, pain requiring pharmacological 

treatment, impaired wound healing or wound infection, liquor fistula, hygroma, 

or any other secondary complication leading to prolongation of hospitalisation 

or re-hospitalisation, e.g. thrombosis, infections, surgery-related death) 

• neurological status (NIHSS score) 

• disability (mRS score, continuously and dichotomized at 0 to 4 versus 5 or 6 

and at 0 to 3 versus 4 to 6) 

• activities of daily living (Barthel-Index) 

• quality of life (SF-36 and EuroQoL 5D) 

• speech and language disturbance (Aachen Aphasia Inventory) 

• retrospective consent to treatment  

• depression (Hamilton Depression Rating Scale) 
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SAFETY 

 

Adverse events, risks 

Every patient is treated according to the intensive care medical standards described 

above. 50% of patients are additionally treated by decompressive hemicraniectomy. 

Surgery-related complications: Surgical treatment includes the known risks of 

surgical interventions: Surgical removement or reimplantaion of the bone flap can be 

complicated by wound infections, infections of the meninges or the brain, liquor 

fistula, subdural or epidural hemorrhages, hemorrhages into the infarct territory, 

traumatic injury of the brain, formation of edema, complications of general 

anesthesia, and postoperative pain. Furthermore, insufficient wound healing after 

bone flap removement or reimplantation may require re-operation or covering of the 

bone gap with artificial material. 

 

Definition of adverse events and severe adverse events 

The term „adverse event“ (AE) describes any sign, symptom, syndrome or any 

disease 1. occurring newly in a trial participant after consent to the trial and 2. being 

of particular interest for the assessment of the disease or the security of the 

therapeutic concept. In this trial AEs include:  

• seizures, 

• depressive episodes, 

• arterial or venous thromboses, 

• complications related to decompressive hemicraniectomy, 

• any SAE 

The term AE does not implicate a causal correlation with the participation in the trial. 

Surgical interventions are not necessarily considered as AE but can be necessary for 

the therapy of an AE. AEs are divided in severe (SAE) and not severe (AE) adverse 

events. A SAE is any AE occurring during the trial that is related to: 

• death 

• any live-threatening condition, 

• re-hospitalisation or prologation of hospitalisiation, 

• long-term or severe restraint of the state of health, or 

• birth deformities. 
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Documentation 

Investigation of AEs is part of every visit and any AE has do be documented in the 

CRF. 

Every SAE has to be documented on a special documentation form and has to be 

reported within 24 hours after recording, but at least at the next working day, to the 

co-ordinating study center in Heidelberg:  

 

Address: Dr. Julian Bösel 

 Universität Heidelberg 

 Neurologische Klinik 

 Im Neuenheimer Feld 400 

 69120 Heidelberg 

 Tel.: 06221-56-39154 

 Fax: 06221-56-5461 

 Email: julian.boesel@med.uni-heidelberg.de 

 

The responsible investigator at the study center in Heidelberg has to inform the 

monitor of the KKS as soon as possible. SAEs are reported to the ethics committee 

according to local standards. The Data Safety and Monitoring Board (DSMB) has to 

be informed about SAEs at least every 6 months (if necessary earlier), starting with 

the day of inclusion of the first patient. The responsible study center has to pursue 

further changes and outcomes of SAEs, regarding intensity and potential relations to 

treatment. Evaluation of SAEs is performed by the IMBI Heidelberg. 

 

Emergency 

The occurance of a SAE does not automatically implicate a preliminary stop of the 

patient’s participation in the trial, but requires immediate initiation of diagnostic and 

therapeutical measures for the protection of the patient’s health. 
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STATISTICS 

 

Hypotheses 

The primary endpoint is a dichotomized endpoint, i.e. score on the mRS 0 to 4 

(=success) versus 5 or 6 (=failure), measured 6 months after randomization. The 

two-sided test problem is described as follows: 

veconservatiiondecompress ppH =:0  versus  veconservatiiondecompress ppH ≠:1  

or 

0:0 =θH  versus   0:1 ≠θH  ; 
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pdecompression represents the success rate (mRS score 0 to 4) after decompressive 

hemicraniectomy plus conservative treatment, pconservative represents the success rate 

(mRS score 0 to 4) after conservative treatment alone, and θ represents the log-

odds-ratio.  

 

Evaluation and analyses 

Planning and analysis of the primary endpoint is performed using the software PEST 

4.4 (Planning and Evaluation of Sequential Trials, John Whitehead, Hazel Brunier, 

1989, The PEST project, University of Reading). The trial is planned as a sequential 

trial with an inspection of data after each patient has reached the primary endpoint. 

Every single patient’s datasets are assigned to full analysis set (FAS), according to 

the intention-to-treat (ITT) principle, per protocol analysis set (PPS), and safety 

analysis set (SAF) prior to every evaluation. Prior to each interim analysis the 

assignment to the analysis populations (FAS, PPS, SAF) will be decided according to 

the specification given in the analysis plan.  

As soon as an interim analysis shows a significant difference of success rates, and 

based on the recommendation of the DSMB, the Steering Committee will stop the 

trial. Depending on the intermediate results of the sequential analysis, the trial will 
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include a maximum of 160 patients. According to the concept of the triangular test 

early stopping of the trial with a non-significant result is also possible. 

The following figure depicts the specification of this design according to Whitehead.  
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Brake-off criteria based on the triangular test according to Whitehead; specification: 

binary variable, α = 0.05 (2-tailed) , 1-β = 0.9 (determined via PEST 4.4) 

Definition of axes: Z – cumulative measure in favor of the experimental branch 

(efficient score for θ, calculated for H0: θ = 0); V – measure for the information 

content about θ in Z (Fisher`s information). A transgression of the upper gray line 

corresponds to a significant superiority of the experimental branch, a result beneath 

the lower gray line reveals a significant superiority of the control. A preliminary 

evaluation result below the dashed gray line leads to a stop of the trial with no 

significant result. All trial participants who have not reached the primary endpoint at 

the moment of preliminary evaluation-related or premature termination of the trial are 

considered as overrunning patients (OPS). Their treatment will be continued and 

evaluated separately. Their data are not part of the final confirmatory analysis but will 

be evaluated separately in analogy to the FAS and the results will be opposed to the 

results of the final analysis. 

For the primary analysis, the triangular test for a binary endpoint according to 

Whitehead will be applied with a two-sided significance level of a = 0.05 and a power 

experimental branch 

significantly superior 

experimental branch  

significantly inferior 

no significant 

difference 
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of 90%. The confirmatory analysis will be done on the basis of the FAS. Additionally, 

a per protocol analysis will be done which includes all patients without major protocol 

violations. Protocol discrepancies are classified as minor or major. Patients with 

relevant protocol discrepancies are excluded from the PPS dataset. 

Any serious divergence from the assumptions on which the trial is based, may 

require a conditional power analysis as basis for further proceeding. 

Secondary endpoints will be evaluated descriptively. Depending on the scales of the 

variables the following characteristics are indicated: mean, standard deviation, 

median, minimum and maximum, first and third quartile, and/or absolute and relative 

frequency. Additional descriptive p-values for group comparisons and corresponding 

95%-confidence intervals will be given where indicated. Comparability of both 

treatment groups will be evaluated by comparison of demographic data and baseline 

values. 

A preliminary stop of study participation before evaluation of the primary endpoint 

due to the severity of the disease seems very unlikely. At least an assessment of the 

health status should be possible. In case of missing information the last observation 

is carried forward. If patients die early, missing data concerning the secondary 

endpoints are replaced by the worst score. If the amount of missing data increases, 

the stability of the confirmatory analysis is verified by analyses of sensitivity in the 

sense of a worst- or best-case-scenario. 

 

Sample size calculation 

According to available data based on observational studies and case reports until 

2007 (90 publications, 1834 patients, 351 of those with available individual outcome 

data, including 120 older than 61 years, 31 of those treated conservatively and 89 by 

hemicraniectomy) the expected success rate is 8.6% in the conservative arm and 

31.0% in the surgical arm, respectively. The absolute difference of success rate is 

22.4 %, the log-odds-ratio θ is 1.56.  

In a classic study design the expected difference of the primary endpoint would 

require the inclusion of 65 patients per arm corresponding to a total number of 130 

patients. According to the triangular test for the binary endpoint the sequential design 

likely requires a lower number of patients: a significant difference (with a level of 
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significance of 5% (2-tailed) and a power of 90%) is expected with a probability of 

50% after enrolment of 66 patients (33 per arm), and with a probability of 90% after 

inclusion of less than 130 patients. The maximum number of cases is 160 (80 per 

arm). 

 

 

STOPPING RULES 

 

Individual stopping rules  

A study participant or his/her legal representative can withdraw his/her consent to 

participate in the trial at any time and without any declaration of reasons. In this case 

evaluation of already collected data requires the specific agreement of the patient or 

his/her legal representative. In addition, the treating physician may stop participation 

of the patient for medical reasons. In case of deviation from the trial protocol for 

medical reasons including the preliminary termination of treatment according to the 

trial protocol these deviations have to be documented. According to the ITT principle 

the study participant remains in his assigned treatment group. 

 

Preliminary termination of the trial 

As soon as the sequential analysis according to PEST 4.4 reveals a significant 

difference concerning the primary endpoint, the Steering Committee will stop the trial 

based on the recommendation of the DSMB. A preliminary stop is also possible in 

case of non-significant results (see STATISTICS, evaluation and analyses). 

The Steering Committee can also stop the trial preliminarily, if advised so for other 

reasons by the DSMB. 

 

 

DOCUMENTATION AND DATA MANAGEMENT 

All data specified in the trial protocol will be documented in the patient´s records and 

on standardized Case Report Forms (CRFs), available as original with two copies. 

CRFs have to ensure complete documentation of all data requested according to the 

trial protocol. The CRFs are developed based on this trial protocol by the IMBI 

Heidelberg in cooperation with the principle investigator. The study physician at each 

site is responsible for appropriate completion of the form. Incorrect entries have to be 
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cancelled according to ICH-GCP with a single line allowing reading of the initial entry. 

The new entry has to be provided with date and initials. Every CRF is to be signed by 

the investigating physician at least once. After terminal source data verification the 

monitor collects the original CRF, a copy remains with the investigating physician. 

The IMBI Heidelberg is responsible for data base development, data acquisition via 

double entry, data storage, and validation. Data validation includes controls of 

completeness, consistence, and plausibility of the data documented in the CRF using 

a query system between data management and study physicians. The study 

physician or a person accredited by him has to answer these queries (with the help of 

the monitor if necessary) and communicate the answer to the data management for 

entry in the data bank. Once the relevant queries concerning a patient have been 

answered, data are transferred to the biometrician in order to allow evaluation 

according to the sequential design. After resolution of all queries concerning enrolled 

patients, the data bank is closed (end of the trial) and forwarded to the biometrician 

for the purpose of evaluation. After finalization of all evaluations the final report and 

all original CRFs are delivered to the principle investigator. 

The trial is supervised and monitored by the Coordination Center for Clinical Trial 

(KKS) Heidelberg including initiation and regular site visits, source data verification, 

and reports of adverse events. All data management and supervising procedures are 

performed according to Standard Operation Procedures (SOPs) of the KKS, ICH-

GCP Guidelines (E6), and the declaration of Helsinki. 

 

MONITORING OF THE TRIAL 

The responsible monitor and the principal investigator need to initiate the 

participating centers before enrolment of the first patient. Thereby, they verify the 

availability of all essential documents and requirements for an appropriate realization 

of the trial. Regular monitoring includes in particular: 

• rights  and protection of the trial participants, 

• completeness of study documentation and consistence with the source data, and 

• course and realization of the examinations according to the trial protocol, 

amendments,  GCP guidelines and requirements of the responsible ethics 

committee.  
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Regular monitoring is performed by individual visits of a qualified assistant of the 

KKS. Entries in the CRF are verified on the basis of source data (medical records 

including surgery records). The investigating physician has to guarantee the 

monitor’s free access to all required documents and to support the monitor’s work. A 

100% source data verification (SDV) is performed for individual patients only. Further 

details concerning regular monitoring (frequency of visits, extent of source data 

verification) are defined in a monitoring manual and depend on data quality, patient 

enrolment of the centers and the risk-benefit balance as well as on available funds. 

The results of the monitoring visits are reported to the project manager in written 

form. In addition, the monitor supervises the recent status and progress by 

continuous contact with the study centers (via phone, fax, letter, e-mail). 

 

 

ETHIC AND LEGAL ASPECTS 

 

Ethics committee 

The trial protocol is reviewed by the ethics committee of the Heidelberg Medical 

School (leading ethics committee), whose unrestricted agreement is indispensable 

for trial initiation. According to § 15 of the particular federal medical association’s 

professional code of conduct the current version of the trial protocol has to be 

reviewed by the local ethics committees of the participating centers. Changes of the 

study protocol are only made in exceptional cases. Any change of the trial protocol 

after trial initiation requires a written amendment. Each amendment has to be signed 

by the principal investigator and the responsible biometrician. Amendments have to 

be communicated to the ethics committees immediately and the trial cannot to be 

started/continued (enrolment of patients) before unrestricted agreement to the trial 

protocol and its amendments is given. 

 
Data protection and insight into original documents 

Examinations and documentations are performed according to the federal medical 

association’s professional code of conduct (recent version), the declaration of 

Helsinki (recent version) and the federal data protection act (BDSG). Names of 

patients and all other confidential data underlie current legal requirements concerning 

confidential medical communication and the ordinance of the BDSG. All trial-related 
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data are documented in the medical records. In addition, trial-relevant data are 

documented in pseudonymous form in a separate case report form (CRF). 

In order to guarantee a complete and correct transfer of scientifically relevant data, 

monitors of the KKS as well as legal authorities are allowed to inspect patient-related 

medical records. Persons in charge of data validation have to respect confidentiality 

and legal requirements concerning confidential medical communication. 

Patient’s data are transferred in an anonymous/pseudonymous way only. Third 

persons will not get insight into original medical records. 

 
Information of patients/legal representatives/consent  

Inclusion of patients into the trial is possible only after inspection of clinical and 

apparative data by the study physician. Randomization of the patient in one of the 

two treatment groups is possible only after consent of 1. the patient him/herself, 2. 

his/her legal representative, 3. by adjudication, or 4. after information of the closest 

proxy, who has been suggested as legal representative by the treating physician plus 

consent of an independent physician, who is not involved in the trial or the patient´s 

treatment. The two randomization groups are: 1. intensive care treatment plus 

decompressive hemicraniectomy or 2. intensive care treatment alone. In order to 

assure a balanced distribution of both therapies, randomization is stratified for 

participating centers. Classification is done on the basis of pseudonyms via Internet 

(www.randomizer.at). In case of questions or problems a 24-hours phone service is 

available. 

 

1. Consent of patients capable of giving informed consent: 

Patients capable of giving informed consent have to be informed verbally and in 

written form as soon as possible about the nature and consequences of trial-related 

examinations, treatments, and interventions, in particular about the possible benefit 

for their health as well as possible risks. The participation in the trial is voluntary. The 

participant’s informed consent has to be documented by signature or, in case of 

verbal consent only, by a witness. Patients initially not capable of giving informed 

consent have to be informed immediately after they have regained their capability of 

giving informed consent including their consent to further participation in the trial and 

analyses of already collected data. 
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2. Consent of the legal representative (if 1. is not possible): 

In case of patients with impaired consciousness or patients who cannot give informed 

consent his/herself, the legal representative is informed and has to give his/her 

consent (verbally and in written form) via a specially designed information and 

consent revealing that the consent is given by a legal representative. As soon as the 

patient regains his/her capability of giving informed consent, he/she has to be 

informed and give consent as mentioned above according to 1.. 

 

3. Consent by adjudication (only, if 1. and 2. are not applicable): 

Before the start of the trial, a judge has to be informed about the trial. If neither the 

patient can give informed consent his/herself nor a legal representative is available, 

the judge may give preliminary consent for participation in the trial by adjudication 

and name a proxy afterwards. The legal representative named afterwards is to be 

informed and give his/her consent as soon as possible according to 2.. As soon as 

the patient regains his/her capability of giving informed consent, he/she has to be 

informed and give consent as mentioned above according to 1.. 

 

4. Consent by an independent physician (only, if 1., 2. and 3. are not possible) 

If neither informed consent of the patient him/herself, nor informed consent of a legal 

representative, nor adjudication by a judge is possible, participation in the trial is 

dependent on the assumed will of the patient. Directives and statements of relatives 

may provide an indication about the patient’s assumed will. If the assumed will can 

not be ascertained, the patient’s will has to be determined according to objective 

aspects and his/her putative decision. On this basis, an independent physician, who 

is not involved in the trial and who does not participate in the patient’s treatment can 

consent to or reject a preliminary participation in the trial. Simultaneously, the closest 

relatives of the patient, including the relative suggested or designated as legal 

representative, have to be interviewed about the putative will of the patient and asked 

whether the patient did explicitly state against any participation in a medical trial. 

Their statement (including the statement of the designated legal representative) has 

to be documented. It is of prime note, that according to German law relatives are not 

lawful legal representatives only because of their capacity as close relatives. The 
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decision of the independent physician and the fact, that a case of emergency 

requires an immediate decision have to be documented in written form and signed by 

the independent physician. 

This approach allows the quickest possible treatment of the patient even in situations 

(in the night, weekends) when legal representatives or adjudication are not available. 

The legal representative named afterwards has to be informed and give his/her 

consent as soon as possible according to 2.. As soon as the patient regains his/her 

capability of giving informed consent, he/she has to be informed and give consent as 

mentioned above according to 1.. 

Due to the clinical status and the severity of the neurological deficit only few patients 

will be able to give informed consent verbally or in written form on their own. 

Furthermore, the majority of participating centers do not have the possibility to 

establish a legal representative in time and also do not have the possibility for 

arrangements with responsible judges for adjudication within the given time window. 

In this situation this approach allows fast action within the given time window and 

may offer a possible benefit by participation in the trial (see AMG §41 AMG). 

 

In case of the subsequent patient’s or legal representative´s rejection of participation 

in the trial, the patient has to be suspended from participation immediately. A study 

participant or his/her legal representative can withdraw his/her consent to 

participation in the trial at anytime and without any declaration of reasons. In this 

case evaluation of already collected data requires the specific agreement of the 

patient or his/her legal representative. 
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TRIAL ORGANISATION AND FUNDING 

Steering Committee   

The Steering Committee consists of the neurological (Professor Eric Jüttler) and the 

neurosurgical (Professor Andreas Unterberg) principal investigator as well as of the 

director of the leading trial center, University of Heidelberg, Department of Neurology 

(Professor Werner Hacke). The Steering Committee is responsible for planning of the 

trial, including funding, development of the trial protocol in cooperation with the 

participating centers, design of patient´s and legal representative´s information and 

informed consent, approval of the trial protocol including later amendments by legal 

authorities and ethics committees, selection, verification, and recruitment of trial 

centers, design of the CRF, and organisation of a randomization system on a 24-

hours/7-days basis including a trial-phone hotline. Based on the results of the 

sequential design and the recommendations of the Data Safety and Monitoring Board 

(DSMB) the Steering Committee decides on preliminary termination or continuation 

of the trial. The Steering Committee can also stop the trial preliminarily, if advised so 

for other reasons by the DSMB. Furthermore, the Steering Committee has to give 

consent to reports and publication of trial results (see PUBLICATION OF RESULTS). 

 

Data Monitoring and Safety Board (DSMB)   

Safety aspects of the trial are supervised by the DSMB. The DSMB consists of an 

independent neurologist (Professor Kennedy Lees, University of Glasgow, UK), 

independent neurosurgeon (Professor Peter Hutchinson, University of Oxford, UK), 

and independent epidemiologist (Professor Ale Algra, University of Utrecht, the 

Netherlands), not involved in the planning or conduction of the trial.  The DSMB 

independently elects a chairman. The DSMB is responsible for supervision of the trial 

course as well critical evaluation and suggestions for improvement of the trial 

protocol, if necessary due to safety aspects during the trial course. Starting with the 

day of inclusion of the first patient, the DSMB has to be informed by the responsible 

biostatistician about the results of the sequential analysis of the primary endpoint and 

SAEs in each treatment group after at least every 10 patients having reached this 

endpoint, and at least every 6 months regardless from the number of patients 
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included. In case of a significant result ahead of time the responsible biostatistician 

has to inform the DSMB immediately. Based on the results of the sequential trial 

design and safety aspects the DSMB will recommend to continue or stop the trial. 

The members of the DMSB confer personally or via telephone and report their 

recommendations to the Steering Committee. 

 

DESTINY Study Group 

Each center is represented by the principle investigator and his/her representative, 

either one a neurologist or neurosurgeon. 

Charité – Universitätsmedizin Berlin (PD Dr. Woitzik, Department of Neurosurgery; T. 

Nowe, Center for Stroke Research Berlin (CSB)) 

Klinikum Karlsruhe (NN, Department of Neurology; NN, Department of Neurosurgery) 

Klinikum Minden (NN, Department of Neurology; NN, Department of Neurosurgery) 

Medizinische Hochschule Hannover (NN, Department of Neurology; NN, Department 

of Neurosurgery) 

Technical University Munich (Dr. H. Poppert, Department of Neurology; NN, 

Department of Neurosurgery) 

University of Cologne (PD Dr. Dohmen, Department of Neurology; Dr. Reiner, 

Department of Neurosurgery) 

University of Dresden (Dr. Schneider, Department of Neurology; NN, Department of 

Neurosurgery) 

University of Erlangen (PD Dr. Hagen Huttner, Department of Neurology; NN, 

Department of Neurosurgery) 

University of Essen (NN, Department of Neurology; NN, Department of 

Neurosurgery) 

University of Frankfurt (NN, Department of Neurology; NN, Department of 

Neurosurgery) 
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University of Freiburg (PD Dr. Niessen, Department of Neurology; NN, Department of 

Neurosurgery) 

University of Giessen (PD Dr. Gerriets, Department of Neurology; Dr. Nestler, 

Department of Neurosurgery) 

University of Göttingen (NN, Department of Neurology; NN,Department of 

Neurosurgery) 

University of Halle (NN, Department of Neurology; Prof. Dr. Strauss, Department of 

Neurosurgery) 

University of Hamburg (NN, Department of Neurology; NN, Department of 

Neurosurgery) 

University of Heidelberg, Heidelberg Hospital (Dr. Bösel, Department of Neurology; 

Prof. Dr. Unterberg, Department of Neurosurgery) 

University of Heidelberg, Mannheim Hospital (NN, Department of Neurology; NN, 

Department of Neurosurgery) 

University of Kiel (NN, Department of Neurology; NN, Department of Neurosurgery) 

University of Leipzig (Prof. Dr. Schneider, Department of Neurology; Dr. 

Goldbrunner, Department of Neurosurgery) 
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1 Introduction 

This document is based on the current version of the trial protocol finalized by 11 June 

2009. The document is writen by the Institute for Medical Biometry, University Clinics 

Heidelberg, Im Neuenheimer Feld 305, 69120 Heidelberg. The responsible 

biometrician is Dr. Petra Schiller. 

This document is prepared to describe the preliminary data sets and the procedures 

needed for the sequential interim analyses. During the ongoing trial it will be expanded 

if necessary. After each extension a new version will be provided and the version 

number will be counted up. 

 

2 Aims of the trial 

DESTINY II aims to investigate the benefit of early hemicraniectomy in addition to 

maximum conservative treatment to reduce death and very severe disability compared 

to maximum conservative treatment alone in patients with malignant MCA-infarcts who 

are older than 60 years.  

 

3 Trial design 

Prospective, multicentre, open, controlled, randomized comparison of two parallel 

groups with sequential design. 

 

4 Analysis sets 

Prior to each interim analysis the assignment of each patient to the analysis sets will 

be decided. In the process of interim analyses the existing rules for the assignment will 

be applied and new rules will be defined if necessary. The document will then be 

extended and a new version will be generated.  

 

The definitions are as follows: 
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 Preliminary Full Analysis Set (FAS): all randomized patients which received a 

treatment of the media infarction excluding those, which fulfill one or more of the 

criteria listed below. The analysis will be done according to the intention-to-treat 

principle, that is, all patients will be evaluated in the group in which they have 

been randomized.  

Criteria:  

o No informed consent available. 

o Informed consent was withdrawn and consent of data analysis was not given. 

o The treatment was started before the patient was randomized. 

o Documentation of the primary endpoint after 6 months and at withdrawal is 

not available. 

 

Note 1: Patients who switched arms will be included in the FAS and will be analysed 

according to ITT. Patients for which the documentation of the primary endpoint after 6 

months is missing, will be included into the FAS, if implementation with the mRS at 

withdrawal is possible. 

Note 2 (amended on 22 Sept 2010): as long as no documentation of the primary 

endpoint at 6 months is available, a patient does not belong to the FAS. The next interim 

analysis will include the subsequent patient (defined by the date of randomisation), as 

soon as he has reached the primary endpoint and the documentation is available. This is 

also valid for further subsequent patients. The patient which primary endpoint was 

missing initially will not be included in the interim analysis until the required documention 

is available and the patient belongs to the FAS. 

 

 Preliminary Per-Protocol Set (PPS): all patients of the FAS with the exception 

of patients who fulfill one of the following criteria:  

o Violation of inclusion / exclusion criteria  

o Patient has not recieved the randomized treatment 

 

All patients will be evaluated for the group in which they have been randomized and 

whose treatment they have received.  
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5 Interim analyses 

The primary endpoint is the functional outcome according to the mRS score, 

dichotomized 0 to 4 (success) versus 5 or 6 (failure), recorded 6 months (  14 days) 

after randomization. 

The trial is planned as a sequential trial with a sequential plan (Fig. 1). After each 

patient that reaches the primary endpoint after 6 months, an inspection will be done as 

soon as the complete documentation is available. 

Prior to each interim analysis, the assignment to the analysis sets (FAS and PPS) will 

be decided according to the specification given above. Each interim analysis will be 

done on the basis of the preliminary FAS.  
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Figure 1: Sequential plan – Stopping boundaries according to the triangular test by Whitehead, 
Specification: binary endpoint,  = 0.05 (2-sided) , 1-  = 0.9  

Definitions of axis: Z – cumulative measure for the advantage of the experimental arm (efficient 
score for , evaluated when  = 0); V – Fisher´s information about  contained in Z . 

 

The sequential interim analyses will be plotted into the sequential plan shown in Fig. 1. 

They will form a sample path within the triangular until one of the stopping boundaries 

is crossed. According to the concept of the triangular test by Whitehead, early stopping 

of the trial with a significant as well as with a non significant result is possible. If the 

sample path crosses the upper boundary (upper solid grey line), the experimental 

treatment (hemicraniectomy in addition to conservative treatment) is superior; if the 

Experimental  

significantly better 

Experimental  

significantly worse 

No significant 

difference 
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lower boundary (lower solid grey line) is crossed, the conservative treatment is 

superior. If the dotted black boundary is crossed, the trial shows no significant 

difference between the treatments.  

On the basis of the interim results and the safety report the DSMB will recommend 

early stopping or continuation of the trial to the steering committee.  

 

Note 3 (amended on 22 Sept 2010, corrected 28 Feb 2011): 

The date of an interim analysis of a patient is 6 month after randomisation or when the 

needed documentation is available, repectively. Deaths occurring before the 

evaluation of the primary endpoint at 6 months follow up would only be 

considered in the formal interim analysis if this point in time has been reached.

Even though a patient died previously, the related interim analysis will be done 6 

months after randomisation. (Otherwise it would be attached more weight on early 

deaths in comparison with deaths occuring after 6 months which is not the intension of 

the trial.) The order in which patients are included in the interim analysis is given by the 

randomisation date. Exceptions are described in Chapter 4, Note 2). 

In general, the centers will be informed of an upcoming visite 3 (which is the visit at 

which the primar endpoint will be evaluated) and will be asked to conduct the visit and 

to send the documentation on schedule. 

At the beginning of the trial interim results will be reported to the DSMB after 

approximately 10 patients at a time. Further details, in particular those regarding 

the information that will be provided in an interim report to the DSMB, are 

defined in the DSMB-Charter.  (Further details are defined in the DSMB-Charter). 

If the sample path converges close to one of the boundaries, results will be reported 

more often. Moreover, a per-protocol-analysis will then be done additionally to the 

intention-to-treat-analysis and the results will also be reported to the DSMB.  

 

In case there will be serious deviations from the assumptions made during the 

planning of the trial, a conditional power analysis will be done and the further 

proceeding will be decided according to the results.  

 

6 Statistical Software and References 

SAS® Version 9.1, SAS Institute Inc., NC, USA 

PEST 4.4, Planning and Evaluation of Sequential Trials, John Whitehead, Hazel 

Brunier, 1989, The PEST project, University of Reading 

Whitehead, J. The Design and Analysis of Sequential Clinical Trials. Wiley, 2nd Edition, 

1997 
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The DESTINY II study 
Patients with severe space-occupying (malignant) middle cerebral artery (MCA) infarcts have a poor 

prognosis even under maximum intensive care treatment. Randomized trials demonstrated that 

early hemicraniectomy reduces mortality from about 70% to 20% without increasing the risk of being 

very severely disabled. Hemicraniectomy increases the chance to survive completely independent 

more than 5-fold and doubles the chance to survive at least partly independent. Only patients up to 

60 years have been included in these trials. However, patients older than 60 years represent about 

50% of all patients with malignant MCA infarcts. In the face of an aging population the benefit of 

hemicraniectomy in older patients is of major clinical relevance, but remains controversial. Data from 

observational studies suggesting that older patients may not profit from hemicraniectomy are 

inconclusive, because these patients have generally been treated later and less aggressively. This 

leads to great uncertainty in everyday clinical practice. 

Study Objective 

DESTINY II aims to investigate the benefit of early hemicraniectomy in addition to maximum 

conservative treatment to reduce mortality and very severe disability compared to maximum 

conservative treatment alone in patients with malignant MCA-infarcts, who are older than 60 years. 

The primary aim is to assess whether decompressive surgery reduces mortality without increasing 

the number of very severely disabled survivors, that is, patients being completely dependent and 

bedridden. 

Study Design 

DESTINY II is a prospective, randomized, controlled, open, multicentre, two-armed, comparative trial. 

Patients are randomized either to conservative treatment alone or to hemicraniectomy plus 

conservative treatment within 48 hours of symptom onset. 

Primary Endpoint 

The primary endpoint is the patient’s degree of disability after 6 months ± 2 weeks measured by the 

modified Rankin Scale (mRS) and dichotomized 0 to 4 (success) versus 5 or 6 (failure). 

Secondary Endpoints 

All further secondary endpoints are assessed 1 year ± 14 days after randomization. 

1. Survival time (time from randomisation to death by any reason or censoring) 

2. Overall mortality (death of any reason) 

3. Neurological status (NIH Stroke Scale) 

4. Disability (raw mRS score) 

5. mRS score (dichotomized at 0 to 4 versus 5 or 6, see primary endpoint) 

6. mRS score (dichotomized at 0 to 3 versus 4 to 6, see DESTINY trial) 

7. Activities of daily living (Barthel-Index) 

8. Quality of life (SF-36) 

9. Quality of life (EuroQoL 5D) 

10. Speech and language disturbance (Aachen Aphasia Test) 

11. Retrospective consent to treatment 

12. Depression (Hamilton Depression Rating Scale) 
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The mRS score at 6 months after randomization (without dichotomization) is included as a further 

secondary endpoint. This endpoint has not been specified in the study protocol, but it seems natural 

to report the primary outcome in its raw form along with the dichotomized outcome. 

13. Disability at 6 months after randomization (raw mRS score) 

A number of secondary endpoints refer to the Hemicraniectomy group only 

14. Time from surgery to bone flap re-implantation 

15. Complications related to initial surgery (surgery-related haemorrhage requiring blood 

transfusions, anaesthesia-related incidents, pain requiring pharmacological treatment, 

impaired wound healing or wound infection, liquor fistula, hygroma, or any other secondary 

complication leading to prolongation of hospitalisation or re-hospitalisation) 

16. Surgery-related complications after bone flap re-implantation 

Aim of this statistical analysis plan 
The trial uses a sequential statistical design analysing statistical significance of the primary endpoint 

after every single patient having reached this endpoint. As soon as an interim analysis shows a 

significant difference of success rates, and at the recommendation of the Data Safety and Monitoring 

Board, the steering committee will stop the trial (stopping for efficacy). Early stopping of the trial 

with a non-significant result is also possible (stopping for futility). The procedure of these sequential 

interim analyses is unambiguously described in a companion document “Description of the 

proceedings for interim analyses in the Destiny II trial: Data sets and procedures.” (Version 2.1, 28 

February 2011).  

This companion document defines the different analysis sets (full analysis set according to the 

intention-to-treat principle for the main confirmatory analysis, per-protocol analysis set for 

sensitivity analysis). Due to the sequential nature of the trial, the companion document, by 

definition, also determines the main confirmatory analysis. The initial version of this companion 

document has been finalized by the former responsible biostatistician of the DESTINY II trial, 

Dr. Petra Schiller, before the first patient reached the primary endpoint. 

Purpose of the present statistical analysis plan is, therefore, to specify further details of the non-

confirmatory aspects of the statistical analysis, that is, descriptive statistics (e.g., bias-corrected 

estimates and confidence intervals for the odds ratio and the group-specific success rates, bias 

estimates and confidence intervals estimates and confidence intervals), sensitivity analyses, and the 

analysis of the secondary endpoints. 

The statistical analysis plan has been critically reviewed by Dipl.-Math. Stefan Englert (IMBI 

Heidelberg) who is unaware of the study results. 

Monitoring and data validation 
The trial is supervised and monitored by the Coordination Centre for Clinical Trial (KKS) Heidelberg 

including initiation and regular site visits, source data verification, and reports of adverse events. 

Data validation includes controls of completeness, consistence and plausibility of the data 

documented in the case report form using a query system between data management and 
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investigating physician established at the IMBI. Data validation procedures are specified in a separate 

data validation plan (dvp_Destiny2_final_1_20091008.pdf). After resolution of all queries concerning 

enrolled patients, the data bank is closed (end of the trial) and forwarded to the biometrician for the 

purpose of evaluation. After finalization of all evaluations the final report and all original CRFs are 

delivered to the principal investigator. 

Handling of missing values 

According to the study protocol, missing endpoint information will be imputed by the last-

observation carried forward method, if necessary. For patients known to have died, missing 

secondary endpoint information (e.g., Quality of life scales) will be imputed by the worst possible 

score. 

In case of missing primary outcomes (e.g., when patients withdraw but agree to the analysis of 

available data), stability of the primary confirmatory analysis will be assessed by a best-scenario and 

worst-scenario imputation. 

• Best case scenario: mRS = 0 (no symptoms) for a missing primary outcome in the 

decompressive surgery group, and mRS = 6 (death) for a missing primary outcome in the 

control group 

• Worst case scenario: mRS = 6 (death) for a missing primary outcome in the decompressive 

surgery group, and mRS = 0 (no symptoms) for a missing primary outcome in the control 

group 

These imputations imply rerunning the sequential analysis with the imputed values. 

Analysis sets 

Full Analysis Set (FAS) 

The full analysis set of the main confirmatory analysis follows from the definition of the companion 

document in which the preliminary full analysis set following the intention-to-treat principle has 

been defined. 

Preliminary Full Analysis Set (FAS): all randomized patients which received a treatment of the 

media infarction excluding those, which fulfill one or more of the criteria listed below. The 

analysis will be done according to the intention-to-treat principle, that is, all patients will be 

evaluated in the group in which they have been randomized. 

Criteria [for exclusion, comment by M.G.]: 

• No informed consent available. 

• Informed consent was withdrawn and consent of data analysis was not given. 

• The treatment [i.e., hemicraniectomy, because all patients receive intensive care, 

comment by M.G.] was started before the patient was randomized. 

• Documentation of the primary endpoint after 6 months and at withdrawal is not 

available. 

Note 1: Patients who switched arms will be included in the FAS and will be analysed according 

to ITT. Patients for which the documentation of the primary endpoint after 6 months is 
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missing, will be included into the FAS, if implementation with the mRS at withdrawal is 

possible.  

Note 2 (amended on 22 Sept 2010): as long as no documentation of the primary endpoint at 6 

months is available, a patient does not belong to the FAS. The next interim analysis will 

include the subsequent patient (defined by the date of randomisation), as soon as he has 

reached the primary endpoint and the documentation is available. This is also valid for further 

subsequent patients. The patient which primary endpoint was missing initially will not be 

included in the interim analysis until the required documention is available and the patient 

belongs to the FAS. 

Per-Protocol-Set (PPS) 

The per-protocol set for sensitivity analysis follows from the definition of the companion document 

in which the preliminary per-protocol set has been defined: 

Preliminary Per-Protocol Set (PPS): all patients of the FAS with the exception of patients who 

fulfill one of the following criteria: 

• Violation of inclusion/exclusion criteria 

• Patient has not recieved the randomized treatment 

Further criteria for exclusion from the PPS follow from the study protocol: 

Additionally, a per protocol analysis will be carried out that includes all patients without 

major protocol violations. 

The study protocol states that the primary endpoint should be assessed 6 months ± 2 weeks after 

randomization. If assessment takes place substantially outside the planned time interval (outside the 

interval 6 months ± 4 weeks), a major protocol violation will be recorded, and the patient will be 

excluded from the per-protocol-analysis of the primary endpoint. 

A similar rule applies for the secondary endpoints that are to be assessed 12 months ± 2 weeks after 

randomization. If assessment takes place outside 12 months ± 8 weeks, data will be excluded from 

the per-protocol analysis. 

Overrunners 

The trial uses a sequential statistical design analysing statistical significance of the primary endpoint 

after every single patient having reached this endpoint. The trial will be stopped as soon as there is a 

statistically significant difference between the two treatment groups.  

All trial participants who have not reached the primary endpoint at the moment of preliminary 

evaluation-related or premature termination of the trial are considered as overrunning patients. 

Their treatment will be continued and evaluated separately. Their data are not part of the final 

confirmatory analysis but will be evaluated separately and the results will be appended to the results 

of the final analysis. 

Safety Analysis Set (SAF) 

The safety analysis is based on the full analysis set and the overrunners, as well as patients with 

missing documentation of the primary endpoint (see Note 1 above). 
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Main confirmatory analysis 

General 

A standard CONSORT-style flow chart will be generated with information on the number of patients 

assessed for eligibility, randomized patients, treated patients and withdrawal (e.g., Schulz et al., 

2010). All source data will be kept in the database and listed. 

As stated above, the procedure of the interim analyses is described in the companion document. By 

definition, the main confirmatory analysis of the trial corresponds to the interim analysis which led to 

stopping of the trial, including those randomized patients with complete follow-up data on the 

primary outcome at that time. This analysis is, however, limited to the information whether the 

boundary for efficacy or the boundary for futility has been crossed. Further details of the analysis of 

the primary and secondary endpoints are specified in this statistical analysis plan. 

Patient characteristics 

Analysis of the patient characteristics is primarily descriptive, with mean, standard deviation, 

median, minimum and maximum, first and third quartile. For binary and categorical data the number 

of events and proportions will be given. Patient characteristics will be reported separately for the 

two groups, with descriptive summary measures for 

• Baseline characteristics: sex, age, height, weight, BMI (calculated) 

• Neuroimaging procedure and results 

• Barthel-Index (items and total) 

• Modified Rankin Scale (mRS) 

• Glasgow Coma Scale (eyes, verbal communication, motoric response, total) 

• NIH Stroke Scale (items and total, assessment possible) 

• Fulfilment of inclusion and exclusion criteria 

• Type of consent given 

• Randomization and treatment actually received 

• Type of consent given 

Since the study is randomized, statistical comparisons between the groups are not provided. These 

summary statistics will be determined for the FAS, PPS, and safety population. 

Adherence to the study protocol 

These group-specific summary statistics mainly include information on protocol violations such as the 

number and proportions of violation of inclusion/exclusion criteria, the number of patients who did 

not receive the randomized treatment, study withdrawal, and the time of assessment of the primary 

and secondary endpoints. 

Analysis of the Primary Endpoint 

The test problem is defined as follows. Null hypothesis (H0): πD = πS, with πD and πS denoting the 

success probabilities of the two study arms, Decompression and Standard Care. Alternative 

Hypothesis (H1): πD ≠ πS. The tests is usually performed for the log odds ratio, ϑ = log {[πD(1 – πD)] / 

[πS(1 – πS)]}, so that H0
ϑ
: ϑ = 0, H1

ϑ
: ϑ ≠ 0. Statistical planning and analysis is performed with the 

PEST 4.4 software (Planning and Evaluation of Sequential Trials, Whitehead & Brunier, 1989), with 
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two-tailed significance level α = 5% and a statistical power of 1 – ß = 90%. Depending on the 

intermediate results of the sequential analysis, the trial will include a maximum of 160 patients. 

Analysis of the primary endpoint is performed via the triangular test for binary endpoints (e.g., 

Whitehead, 1997). Confirmatory analysis follows the intention-to-treat principle. When the trial has 

been stopped, a standard maximum likelihood estimate of the log odds ratio can be determined by 

^ϑ = log {[pD(1 – pD)] / [pS(1 – pS)]}, with pD = SD/nD, pS = SS/nS denoting the success rates observed in 

the two groups. These estimates are, however, known to be biased in a sequential trial. A median-

unbiased estimate and confidence interval ~ϑ for the odds ratio ϑ, and bias-corrected group-specific 

success probabilities have been derived by Whitehead (1997) and Woodroofe (1992). These bias-

corrected estimates can be determined via the “Analyse trial” option of the PEST 4.4 software. 

PEST 4.4 also determines a P value for a statistical test of the H0
ϑ
: ϑ = 0 against H1

ϑ
: ϑ ≠ 0, adjusted 

again for the sequential nature of the trial. This P value is reported, as well. 

Suggested presentation of the results: 

Counts Hemicraniectomy Control  Proportions Hemicraniectomy Control 

Success    Success   

Failure    Failure   

 

• Unadjusted Odds Ratio (with values > 1 in favour of Hemicraniectomy): _____ 

• Median-unbiased Odds Ratio with confidence interval: _____ 

• P value of the rate comparison: _____ 

Point estimates of the risk difference and ratio, number needed to treat 

• Success rates in the two groups (unadjusted), Hemicraniectomy: _____, Control: _____ 

• Risk difference: _____ 

• Number needed to treat: _____ 

• Risk ratio: _____ 

Point estimates of the risk difference and ratio, number needed to treat, determined from the 

adjusted success rates (Woodroofe, 1992) 

• Success rates in the two groups (adjusted), Hemicraniectomy: _____, Control: _____ 

• Risk difference: _____ 

• Number needed to treat: _____ 

• Risk ratio: _____ 

Overrunners 

The overrunner’s data are not part of the final confirmatory analysis but will be evaluated separately. 

For the primary endpoint, group-specific counts and success rates will be reported, along with 

unadjusted estimates of the odds and risk ratio. 
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Analysis of the Secondary Endpoints 
Analysis of the secondary endpoints is primarily descriptive, with mean, standard deviation, median, 

minimum and maximum, first and third quartile. For binary data the number of events and 

proportions will be given. Where appropriate, confidence intervals will be given for the estimates. 

When statistical group comparisons are performed for the secondary endpoints, the respective 

P values will be given, but it will be stressed that analysis is descriptive in nature. 

1. Survival time 

Kaplan-Meier estimates for the survival rates in the two groups for each month after 

randomization will be presented along with the standard quantiles of the survival time 

(minimum, Quantile 25, median, Quantile 75, maximum, if available). A figure with the 

Kaplan-Meier curves for the two groups will be included. 

 

2. Overall mortality 

Number of deaths and death rates after 12 months. 

 

3. Neurological status (NIH Stroke Scale) 

Group-specific minima, Q25, Median, Q75, maximum, and standard box-whisker-plot. 

 

4. Degree of disability (raw mRS score) 

Group-specific absolute and relative frequencies for the categories 0–6, mean median, and 

frequency histograms. Bias adjustment for the success rates (primary endpoint) will be 

translated to the estimates of relative frequencies. For example, suppose that a success rate 

of 40% (consisting of 10% mRS 1, 2, 3, and 4, respectively) is adjusted to 36% in a given group 

by the Woodroofe (1992) method. Then, corrected estimates for the group-specific mRS 

frequencies amount to 9% each (see Kunz & Kieser, in press). 

 

5. mRS score (dichotomized at 0 to 4 versus 5 or 6) 

group-specific success rates after 6 months (see primary endpoint) and 12 months 

 

6. mRS score (dichotomized at 0 to 3 versus 4 to 6, see Jüttler et al., 2007) 

Group-specific success rates after 6 months and 12 months 

 

7. Barthel-Index, Quality of life (SF-36, EuroQOL), Aachen Aphasia Test, Hamilton Depression 

Scale 

Group-specific minima, Q25, Median, Q75, maximum, and standard box-whisker-plot. For 

multidimensional scales, dimension-specific summary statistics will be provided. 

 

8. Retrospective consent to treatment 

Group specific counts and proportions 

 

9. Time from surgery to bone flap re-implantation (Hemicraniectomy group only) 

Kaplan-Meier estimates (see Survival time) 

 

10. Complications related to initial surgery (Hemicraniectomy group only) 

Counts and rates of (a) surgery-related haemorrhage requiring blood transfusions 
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(b) anaesthesia-related incidents, (c) pain requiring pharmacological treatment, (d) impaired 

wound healing or wound infection, (e) liquor fistula, (f) hygroma, (g) or any other secondary 

complication leading to prolongation of hospitalisation or re-hospitalisation 

 

11. Complications related to bone flap re-implantation (Hemicraniectomy group only) 

Absolute and relative frequencies (see Complications related to initial surgery) 

Descriptive analyses of the secondary endpoints will be performed for (a) the FAS according to 

intention-to-treat population, (b) for the safety set (i.e., FAS + Overrunners), and (c) for the PPS. 

Safety Analyses 
Adverse events will be presented in list form. Patient narratives are given for all patients with serious 

adverse events. The proportion of patients with at least one adverse event or serious adverse event 

will be reported for both randomized groups. All adverse events are presented by severity, causal 

relation to the intervention, and system organ class.  

Special attention will be given on the two additional surgeries and the interim time of the new 

treatment option. Therefore, the secondary endpoints “complications related to initial surgery” and 

“surgery-related complications after bone flap re-implantation” are considered especially under 

safety aspects. 

Sensitivity Analyses 
For the main confirmatory analysis, stability of the results will be assessed by means of the following 

sensitivity analyses, taking into account missing values, minor and major violations of the study 

protocol. 

• Sensitivity analysis for the primary endpoint using imputation of missing values as described 

in section “Handling of missing values” 

• Sensitivity analysis for the primary endpoint excluding patients with major protocol violations 

(per-protocol-set) 

• Sensitivity analysis for the primary endpoint with patients entering the analysis in the order 

of randomization (see Note 2 above in Analysis sets/FAS) 

Subgroups of interest 
Non-confirmatory analyses will be planned for the subgroup of patients below and above 70 years. 

These analyses will include the group-specific baseline characteristics, an analysis of the primary 

(success rates and odds ratio) as well as the secondary endpoints defined in the protocol.  

Because the trial is designed to answer the main confirmatory question for the entire patient group 

recruiting the minimally possible number of patients, such subgroup analyses cannot be interpreted 

in a strictly confirmatory sense. Nevertheless they serve to indicate whether the Hemicraniectomy 

treatment should be considered for further evaluation in the different age groups. 
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1. Overview of the DESTINY II study 

Design 

DESTINY II is a prospective, randomized, controlled, open, multicenter, comparative trial with 1:1 allocation 

to either conservative intensive care unit (ICU) treatment alone (control) or additional early decompressive 

hemicraniectomy within 48 hours after symptom onset (DH). The published study protocol includes a 

methodological description of the trial including details of randomization, a complete list of inclusion and 

exclusion criteria, details of the intervention and control treatment, and an outline of the statistical 

analysis.
1
 

Outcomes 

Data were collected during hospitalization and at two follow-up visits scheduled 6 months ± 14 days and 

12 months ± 14 days after randomization. Follow-up assessment was done by study physicians not 

otherwise involved in the trial or in patient treatment. The primary outcome was the score on the modified 

Rankin scale (mRS) at 6 months, which has a range from 0 indicating no symptoms to 6 indicating death. 

The mRS was dichotomized 0–4 (no to moderately severe disability, hereinafter “success”) vs. 5 or 6 (severe 

disability or death, “failure”). 

Secondary endpoints were assessed 12 months after randomization including, among others, overall 

survival, mRS, National Institutes of Health Stroke Severity score (NIHSS), activities of daily living (Barthel 

index), quality of life (SF-36 and EuroQoL-5D), the score on the Hamilton Depression Rating Scale (HDRS), 

and adverse events. 

Statistical analysis 

Data were analyzed according to a statistical analysis plan and an interim analysis plan that include details 

of the sample size calculation, of the analysis sets and of the interim analyses (supplemental material). The 

trial was designed to allow for early stopping in case of harm, futility, or efficacy with control of an overall 

two-sided significance level α = 5% and 90% power in the analysis of the primary endpoint. Sequential 

interim analyses were done each time a patient reached the primary endpoint using Whitehead’s triangular 

test for binary outcomes (PEST 4.4).
2,3

 Assuming success rates of 31.0% (DH) and 8.6% (control; 

corresponding to a log odds ratio of 1.56) the maximum number of patients to enroll was 160. 

On the basis of pre-specified rules of an interim analysis plan, patients with endpoint information entered 

the preliminary analysis set (PAS) and Whitehead’s test was performed on the log odds ratio for success in 

the two groups. As soon as an interim analysis showed a significant difference in success rates or the 
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criterion for stopping for futility was reached, the Data Safety and Monitoring Board (DSMB) was informed, 

and the Steering Committee was asked to stop the trial on the basis of the DSMB’s recommendation. At 

that time, a total of 30 overrunning patients had been randomized but had not yet reached the 6 months 

follow-up evaluation (9 DH patients and 21 control patients). 

Following the recommendation of the European Medicines Agency reflection paper
4
 on methodological 

issues in trials with an adaptive design, the significance test of the primary endpoint is based on both the 

patients in the PAS when recruitment into the trial was stopped and on the 6 months outcome of all 

patients randomized (intention-to-treat principle, PAS + overrunners = full analysis set, FAS). Whereas the 

main text reports the results for the FAS only, this supplemental material reports the results of both the 

FAS and PAS, as well as for the per-protocol (PP) set. The PP set includes those patients of the FAS in which 

no major protocol violations occurred regarding the intended treatment (i.e., no crossover) and regarding 

the timing of the assessment of the primary (6 months ± 4 weeks) and secondary endpoints 

(12 months ± 8 weeks). 

Further sensitivity analyses were carried out for the raw, non-dichotomized mRS score
5
 as well as for the 

mRS dichotomized between 0–3 and 4–6. All sensitivity analyses were carried out using a sequential 

Whitehead triangular test for binary outcomes or ordinal data (i.e., proportional odds).
2,3

 Only the primary 

analysis is intended to be interpreted in a confirmatory manner. The results of the sensitivity analyses serve 

to assess the stability of the observed results. 

Secondary endpoints include survival and a number of scores related to stroke severity and quality of life. 

These endpoints were analyzed in a descriptive way, with standard significance tests (logrank test, 

Wilcoxon rank sum test) for the comparison of the two treatment groups. The results should be interpreted 

in a non-confirmatory, descriptive manner. Missing secondary endpoint information due to death of a 

patient was imputed assuming a worst case scenario. Unknown mRS and NIHSS scores were imputed by the 

last known observation. 

2. Results 

We enrolled and randomized 112 patients between August 2009 and March 2012. Patient recruitment was 

stopped upon recommendation of the DSMB, based on a PAS of 82 patients (40 DH patients and 42 control 

patients, see Table S1). At that time, a total of 30 patients had been randomized that had not yet reached 

the 6 months follow-up evaluation of the primary endpoint (overrunners, 9 DH patients and 21 control 

patients, Figure S1), yielding a FAS of 112 patients. 
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Figure S1. CONSORT flowchart. 

Of 112 patients randomized 63 were allocated to receive conservative (control) treatment alone, 

49 were allocated to receive additional DH. Of the 63 patients in the control group one patient was 

treated by DH because of continuous deterioration of consciousness and the decision of the 

treating physician to perform DH. One patient in the surgical group did not receive DH because of a 

revised decision of the relatives after randomization indicating that DH was no treatment option. 

No patient was lost to follow-up for the primary endpoint analysis after 6 months. For the analyses 

of the secondary endpoints at 12 months two patients in the DH group and one patient in the 

control group were lost to follow-up; one patient´s legal representative withdraw consent of 

further follow-up, two patients refused contact for reasons not given. Five DH patients and six 

control patients were excluded from the per protocol analysis. Reasons for exclusion were 

crossover to the other treatment in two patients, one from each treatment group. The other 

patients were excluded because follow-up visits were substantially outside the time frame (more 

than 4 weeks for 6 months visit, more than 8 weeks for 12 months visit). 

Randomized (N = 112)

Hemicraniectomy (N = 49)

• Allocated treatment (N = 48)

• Control treatment (N = 1)

Control treatment (N = 63)

• Allocated treatment (N = 62)

• Hemicraniectomy (N = 1)

Interim analysis

• Analyzed (N = 40)

• Overrunners (N = 9)

Interim analysis

• Analyzed (N = 42) 

• Overrunners (N = 21)

• Lost to follow-up (N = 0)

• Dead (N = 16)

• Lost to follow-up (N = 0)

• Dead (N = 46)

Pooled ITT analysis
• Analyzed (N = 49)
• Excluded (N = 0)

PP analysis
• Analyzed (N = 44)
• Excluded (N = 5)

Safety analysis
• Analyzed (N = 49)
• Excluded (N = 0)

Pooled ITT analysis
• Analyzed (N = 63)
• Excluded (N = 0)

PP analysis
• Analyzed (N = 57)
• Excluded (N = 6)

Safety analysis
• Analyzed (N = 63)
• Excluded (N = 0)

• Lost to follow-up (N = 2)

• Dead (N = 4)

• Lost to follow-up (N = 1)

• Dead (N = 1)

A
ll

o
ca

ti
o

n
6

  m
o

n
th

s 
fo

ll
o

w
-u

p
P

ri
m

a
ry

 
e

n
d

p
o

in
t

1
2

 m
o

n
th

s 
fo

ll
o

w
-u

p
S

e
n

si
ti

v
it

y 
a

n
a

ly
se

s
S

e
co

n
d

a
ry

 e
n

d
p

o
in

ts



 DESTINY II – Supplemental analyses 5 

Table S1. Demographic and baseline characteristics of the randomized patients. 

 PAS (N = 82)  FAS (N = 112) 

 DH Control  DH Control 

N 40 42  49 63 

      

Age      

   Mean (SD) 70.2 (4.4) 70.8 (4.7)  69.9 (4.4) 70.4 (4.8) 

   Median (range) 70.0 (62–82) 70.0 (61–79)  70 (62–82) 70 (61–80) 

      

Gender      

   Male 20 (50%) 23 (55%)  25 (51%) 31 (49%) 

   Female 20 (50%) 19 (45%)  24 (49%) 32 (51%) 

      

Premorbid mRS      

   0 33 (83%) 35 (83%)  39 (80%) 53 (84%) 

   1 7 (18%) 7 (17%)  10 (20%) 10 (16%) 

   2–5 0 (0%) 0 (0%)  0 (0%) 0 (0%) 

      

Premorbid Barthel Index      

   Mean (SD) 100.0 (0.0) 99.9 (0.8)  99.9 (0.7) 99.9 (0.6) 

   Median (range) 100 (100–100) 100 (95–100)  100 (95–100) 100 (95–100) 

      

Infarction      

   MCA 30 (75%) 29 (69%)  36 (74%) 40 (64%) 

   MCA + ACA 9 (23%) 10 (24%)  11 (22%) 18 (29%) 

   MCA + PCA 1 (3%) 3 (7%)  2 (4%) 5 (8%) 

      

Dominant hemisphere 14 (35%) 17 (41%)  16 (33%) 25 (40%) 

      

Glasgow Coma Scale      

   Mean (SD) 11.9 (2.7) 10.7 (2.2)  12.0 (2.5) 10.7 (2.3) 

   Median (range) 13 (6–15) 10 (7–15)  12.5 (6–15) 10 (6–15) 

      

NIHSS (total score)      

   Assessable 27 (68%) 27 (64%)  34 (69%) 39 (62%) 

   Mean (SD) 21.1 (4.9) 22.1 (4.7)  20.5 (4.6) 22.0 (4.9) 

   Median (range) 20 (16–40) 22 (16–38)  20 (15–40) 21 (15–38) 

      

Hours from symptom onset      

   to randomization 

   (median, range) 
23.0 (13.6–47.1) 26.4 (8.2–47.0)  24.6 (12.1–48.8) 26.4 (8.7–47.0) 

   to DH (median, range) 26.5 (15.8–48.8) –  28 (15.8–50.0) – 

      

Treatment according to 

randomization 
40 (100%) 41 (98%)  48 (98%) 62 (98%) 

      

Informed consent      

   By patient 4 (10%) 1 (2%)  7 (14%) 5 (8%) 

   By legal representative 11 (28%) 9 (21%)  12 (24%) 12 (19%) 

   Information of relative, applica- 

   tion for legal representation, 

   consent of independent physician 

25 (63%) 32 (76%)  30 (61%) 46 (73%) 

Note—MCA: Middle cerebral artery, ACA: Anterior cerebral artery, PCA: posterior cerebral artery 
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Primary endpoint at 6 months 

In the PAS (82 patients), 17/40 DH patients had an mRS of ≤ 4 versus 7/42 control patients (bias-

corrected
6
 point estimate for the success probability: 40.5% for DH and 18.6% for control, OR 2.97 in 

favor of DH, 95% confidence interval, CI: 1.06 to 8.09, P = 0.039). 

In the FAS (all 112 patients), with the 30 overrunning patients included, data show a consistent 

pattern: 20/49 DH patients had a mRS ≤ 4 versus 10/63 control patients (bias-corrected point 

estimates 38.5% for DH and 17.7% for control, OR 2.91, 95% CI: 1.06 to 7.49, P = 0.039, Figure S2). 

The distribution of the raw 6 month mRS scores is shown in Table S2. 

 

Figure S2. Whitehead´s triangular test during the course of the trial. 

Black crosses from left to right indicate the results of the interim analyses for the primary 

endpoint in chronological order. According to the triangular test there are three possible 

stopping criteria for the trial to be reached: Crossing of the upper solid red line indicates 

statistically significant superiority of DH (efficacy); crossing of the lower solid red line 

segment indicates statistically significant inferiority of DH (harm); crossing of the lower 

dashed purple line indicates the impossibility to demonstrate any statistically significant 

difference (futility). The stopping criteria can be slightly refined by the ‘Christmas tree 

correction’ (green dashes) by taking into account the discrete nature of the inspections. The 

arrow indicates the time point when the stopping criterion was passed and further 

recruitment of patients was stopped. At that time 82 patients had reached the primary 

endpoint (PAS, Fisher information V = 4.2, Efficient score Z = 5.3). Black crosses right to the 

arrow indicate the results for the overrunning patients. 
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Table S2. mRS scores for the PAS and FAS. 

 PAS  FAS 

mRS at 

6 months 

DH 

N = 40 

Control 

N = 42 

 DH 

N = 49 

Control 

N = 63 

Success 17 (40.5%) 7 (18.6%)  20 (38.5%) 10 (17.7%) 

   0–2 0 0  0 0 

   3 2 2  3 2 

   4 15 5  17 8 

Failure 23 (59.5%) 35 (81.4%)  29 (61.5%) 53 (82.3%) 

   5 10 3  13 7 

   6 (dead) 13 32  16 46 

Note—Bias-corrected percentages.
6 

Per-protocol set (sensitivity analysis) 

Five DH patients and six control patients were excluded from the per protocol analysis. Reasons for 

exclusion were crossover to the other treatment in two patients, one from each treatment group. 

The other patients were excluded because follow-up visits were outside the time frame. For the 

primary endpoint of the study, the results of the per-protocol population are very similar to the 

results of the FAS (Whitehead’s triangular test, OR = 3.61 in favor of DH, 95% CI: 1.20 to 9.80, 

P = 0.024, Table S3). Based on the per-protocol population, recruitment would have been stopped for 

efficacy (Figure S3), as in the primary analysis. 

 
Figure S3. Sample path of Whitehead´s triangular test for the per-protocol population. 
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Table S3. mRS for the per-protocol set. 

mRS at  

6 months 

DH 

N = 44 

Control 

N = 57 

Success 17 (36.7%) 7 (13.8%) 

   0–2 0 0 

   3 1 1 

   4 16 6 

Failure 27 (63.3%) 50 (86.2%) 

   5 11 4 

   6 (dead) 16 46 

Note—Bias-corrected percentages.
6 

Raw mRS (sensitivity analysis) 

A sensitivity analysis was carried out for the raw, non-dichotomized mRS
5
 with sequential analyses 

using a proportional odds model. The triangular test was set up with mRS frequencies consistent with 

the planning of the primary analysis (DH: 0.0% with mRS 0–3, 31.0% with mRS 4, 14.9% with mRS 5, 

54.1% with mRS 6; Control group: 0.0% with mRS 0–3, 8.6% with mRS 4, 6.5% with mRS 5, 84.9% with 

mRS 6). The sample path of the sequential analysis is shown in Figure S4. Based on this analysis, the 

trial would have been stopped for efficacy, with an odds ratio of 3.97 in favor of DH (95% CI 1.39 to 

8.76, P = 0.015). 

 
Figure S4. Sample path of a sequential proportional odds model for the raw mRS scores. 

 

mRS dichotomized at 0–3 vs. 4–6 (sensitivity analysis) 

Already at the planning stage of DESTINY II, it was clear that due to the high age of the patient 

population (61 years or older), only a small proportion of the survivors would have moderate or low 

disability.
1
 Indeed, none of the patients had mRS 2 or better at the 6 month assessment, and only 
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very few patients reached mRS 3 (DH: 3 patients, Control: 2 patients, Table S2). Due to these low 

case numbers, a proper sensitivity analysis of the mRS dichotomized at 0–3 vs. 4–6 was not possible. 

For illustration, the sequential triangular test is shown in Figure S5. It is evident that the sample path 

did not yet reach a boundary that would have resulted in stopping for efficacy or harm. The bias-

corrected OR amounts to 9.84 in favor of DH (95% CI: 0.35 to 71.6, P = 0.180). The wide CI indicates 

that this point estimate is very unreliable, and it is plausible to assume that the trial would have 

stopped for futility if more patients had been recruited. 

 
Figure S5. Sample path for the sequential analysis of the mRS dichotomized at 0–3 vs. 4–6 

 

Secondary endpoints at 12 months 

In the PAS, the 12 months survival rates were 59.0% in the DH group (23/39, 1 missing, 95% CI: 42.1% 

to 74.4%) and 22.0% in the control group (9/41, 1 missing, 95% CI: 10.6% to 37.6%). In the FAS, the 

12 months survival rates were 57.4% in the DH group (27/47, 2 missing, 95% CI: 42.2% to 71.7%) and 

24.2% in the control group (15/62, 1 missing, 95% CI: 14.2% to 36.7%). Kaplan-Meier estimates for 

survival in the two treatment arms are shown in Figure S6 for both analysis sets. The other secondary 

outcomes are summarized in Table S4, and forest plots of the treatment effect are shown in Figure 

S7, for the different analysis sets (PAS, overrunners, FAS, ITT analysis and Survivors). It is evident that 

the results for the FAS (i.e., all randomized patients) are highly consistent to those of the PAS that 

was the basis of the DSMB’s recommendation to stop the trial. 
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Figure S6. Survival in the two groups. 

Kaplan-Meier estimates for the survival probability in the two treatment arms (upper panel: 

PAS, lower panel: FAS). 
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Table S4. Secondary outcomes (12 months assessment). 

 PAS (N = 82)*  FAS (N = 112)* 

 DH 

(N = 40) 

Control 

(N = 42) 

 DH 

(N = 49) 

Control 

(N = 63) 

mRS 

   N 39 41  47 62 

   mRS 0–2 0 (0%) 0 (0%)  0 (0%) 0 (0%) 

   mRS 3 2 (5%) 2 (5%)  3 (6%) 3 (5%) 

   mRS 4 14 (36%) 5 (12%)  15 (32%) 7 (11%) 

   mRS 5 7 (18%) 2 (5%)  9 (19%) 5 (8%) 

   mRS 6 16 (41%) 32 (78%)  20 (43%) 47 (76%) 

   Wilcoxon P < 0.001  P < 0.001 

      

NIHSS 

   N 40 41  49 60 

   Mean (SD) 26.2 (13.7) 36.1 (11.7)  26.5 (13.7) 36.1 (11.6) 

   Median (range) 21 (5–42) 42 (6–42)  22 (5–42) 42 (6–42) 

   Wilcoxon P = 0.001  P <0.001 

      

Barthel index 

   N 39 40  47 60 

   Mean (SD) 13.3 (20.5) 9.0 (23.0)  13.6 (21.1) 7.8 (20.8) 

   Median (range) 5 (0–95) 0 (0–85)  5 (0–95) 0 (0–85) 

   Wilcoxon P = 0.012  P = 0.002 

      

SF-36 Mental scale 

   N 37 39  45 59 

   Mean (SD) 27.0 (25.5) 9.0 (20.3)  26.2 (25.2) 10.0 (20.7) 

   Median (range) 32.6 (0.0–64.1) 0.0 (0.0–72.1)  32.6 (0.0–64.1) 0.0 (0.0–72.1) 

   Wilcoxon P < 0.001  P < 0.001 

      

SF-36 Physical scale 

   N 37 39  45 59 

   Mean (SD) 14.8 (14.3) 4.9 (11.4)  14.2 (14.0) 4.9 (10.5) 

   Median (range) 18.3 (0.0–43.7) 0.0 (0.0–47.3)  17.0 (0.0–43.7) 0.0 (0.0–47.3) 

   Wilcoxon P < 0.001  P < 0.001 

    

Hamilton Depression Rating Scale 

   N 32 36  38 53 

   Mean (SD) 31.7 (20.9) 47.6 (13.0)  32.6 (20.9) 47.4 (13.2) 

   Median (range) 35 (2–52) 52 (3–52)  52 (2–52) 52 (3–52) 

   Wilcoxon P < 0.001  P < 0.001 

      

EuroQoL-5D Visual Analogue Scale 

   N 34 39  42 57 

   Mean (SD) 25.2 (29.2) 8.1 (19.2)  24.0 (28.6) 7.6 (18.2) 

   Median (range) 15 (0–88) 0 (0–75)  10 (0–88) 0 (0–75) 

   Wilcoxon P = 0.002  P < 0.001 

 

EuroQoL-5D index 

   N 22 11  42 58 

   Mean (SD) 0.2 (0.3) 0.3 (0.3)  0.0 (0.3) –0.1 (0.2) 

   Median (range) 0.1 (–0.2 to 0.8) 0.2 (–0.2 to 0.7)   –0.2 (–0.2 to 0.8) –0.2 (–0.2 to 0.7) 

   Wilcoxon P = 0.473  P = 0.001 

*worst case imputation in case of death, screening observation carried forward for missing NIHSS 
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Figure S7. Group differences for the secondary outcome parameters. 

The forest plots show the group differences for the preliminary analysis set (PAS), for the overrunning patients, and 

for the entire set of randomized patients (full analysis set, FAS). The left column shows the results for all patients 

(ITT, with worst-case imputation in case of death and last screening result carried forward for missing NIHSS). The 

right column shows the results for the subgroup of the surviving patients (available case analysis). The National 

Institutes of Health Stroke Scale (NIHSS) measures stroke severity with a range from 0 to 42, with 0 indicating no 

symptoms and 42 maximum stroke severity. The Barthel index measures activities of daily living and ranges from 0 

to 100, with 0 indicating complete dependency and 100 complete independence. The short form (SF)-36 health 

questionnaire is a survey measuring quality of life using 36 questions investigating 8 health domains (4 physical and 

4 mental domains), scores in each domain ranging from 0 to 100 with low values indicating poor health status. The 

Hamilton Depression Rating Scale (HDRS) is a 21-symptom instrument for measuring depression, resulting in a sum 

score ranging from 0 to 52 categorized as not depressed (0–7); minor depressed mood (8–19), at least moderate 

depressed mood (≥ 20). The EuroQoL-5D is a questionnaire evaluating five areas of health, resulting in a single index 

anchored on –0.205, the value of “dead”, and 1.0, the value of “perfect health”. 0.87 represents the average value in 

the normal population. The visual analogue scale (VAS) of the EuroQoL-5D records the patient´s self-rated health 

where 100 indicates ‘best imaginable health state’ and 0 indicates ‘worst imaginable health state’. 
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SF-36 in the survivors  

Figure S8 shows a profile of the average quality of life scores on the different scales of SF-12, together with 

reference values older patients with and without mild to moderate stroke. 

 
Figure S8. SF-36 at 12 months assessment in survivors. 

Comparison of patients from DESTINY II after DH (blue) and control (red) treatment with stroke 

patients with mild to moderate strokes (yellow) (Sprigg et al.) and a representative population 

sample aged 60 years and older (green) (Gunzelmann et al.).
7,8

  

Retrospective consent to treatment 

As a further secondary endpoint, retrospective consent to the treatment is shown in Table S5 (“Do you, in 

retrospect, consent to the treatment you received?”). 

Table S5. Retrospective consent to treatment. 

 DH 

(N = 49, 29 survivors) 
 

Control 

(N = 63, 16 survivors) 

Patients or caregivers* (N) 27 100%  15 100% 

   Yes 17 63%  8 53% 

   No 5 19%  2 13% 

   Do not know 5 19%  5 33% 

      

Patients** (N) 11   6  

   Yes 10 91%  4 67% 

   No 0 0%  1 17% 

   Do not know 1 9%  1 17% 

      

Caregivers** (N) 16   9  

   Yes 7 44%  4 44% 

   No 5 31%  1 11% 

   Do not know 4 25%  4 44% 

*Answers of patients or caregivers combined. **Patients or caregivers separated. Caregivers (legal 

representatives) were asked to answer the question only for those patients who could not understand the 

question or give an answer due to severe cognitive/neuropsychological impairment. Additional missing data 

are due to lack of cooperation, decline of the caregiver to allow the assessment, individual disability, limited 

attention span and/or cognitive impairment that made it impossible for some patients to perform or tolerate 

complex testing. 
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Serious Adverse Events 

Table S6 shows serious adverse events according to the Medical Dictionary for Regulatory Activities 

(MedDRA) classification. MedDRA uses a clinically validated medical terminology and is organized by system 

organ class.  

Table S6. Serious adverse events by body system class and treatment group (MedDRA classification). 

 
DH 

88 SAEs 

 Control 

84 SAEs 

System Organ Class N %  N % 

Blood and lymphatic system disorders 1 1%  0 0% 

Cardiac disorders 10 11%  6 7% 

Gastrointestinal disorders 5 6%  0 0% 

General disorders and administration site conditions 10 11%  7 8% 

Infections and infestations 18 20%  8 10% 

Injury, poisoning and procedural complications 6 7%  16 19% 

Investigations 3 3%  0 0% 

Metabolism and nutrition disorders 1 1%  1 1% 

Musculoskeletal and connective tissue disorders 0 0%  1 1% 

Nervous system disorders 13 15%  35 42% 

Psychiatric disorders 0 0%  1 1% 

Renal and urinary disorders 4 5%  0 0% 

Respiratory, thoracic and mediastinal disorders 10 11%  5 6% 

Skin and subcutaneous tissue disorders 0 0%  1 1% 

Surgical and medical procedures 1 1%  2 2% 

Vascular disorders 6 7%  1 1% 

3. Trial Committees, Trial Organization, List of Centers and Investigators 

The Decompressive Surgery for the Treatment of Malignant Infarction of the Middle Cerebral Artery II 

(DESTINY II) study investigators are as follows: steering committee — E. Jüttler, A. Unterberg, and W. Hacke; 

data and safety and monitoring board — K. Lees (University of Glasgow, United Kingdom), P. Hutchinson 

(University of Cambridge, United Kingdom), and A. Algra (University of Utrecht, the Netherlands); data 

analysis and management — M. Gondan, P. Schiller, and R. Limprecht; clinical (on site) monitoring — 

Coordination Center for Clinical Trials Heidelberg, S. Luntz, A. Dietzel, S. Gack, A. Freiberger, and D. Jackson; 

study organization and project management — E. Jüttler, J. Bösel, and H. Amiri, P. Beck, and A. Dormann; 

study sites with number of patients enrolled — Charité-Universitätsmedizin Berlin (E. Jüttler, J. Woitzik) (26), 

University of Heidelberg (J. Bösel, O. W. Sakowitz) (24), University of Dresden (H. Schneider, T. Pinzer) (15), 

University of Leipzig (C. Hobohm, J. Meixensberger) (14), University of Frankfurt (C. Foerch, H. Vatter) (11), 

University of Munich (TU) (H. Poppert) (6), University of Erlangen (H. B. Huttner, M. Köhrmann) (4), 
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University of Freiburg (W.-D. Niessen,) (4), University of Jena (A. Günther, C. Ewald) (3), University of Giessen 

(T. Gerriets, U. Nestler) (2), University of Mainz (S. Klimpe) (1), University of Munich (LMU) (T. Pfefferkorn, 

A. Peraud) (1). 
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