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Abstract:

Objective: The subarachnoid haemorrhage (SAH) outcome tool (SAHOT) 
is the first SAH-specific patient reported outcome measure, and was 
developed in the UK. We aimed to validate the SAHOT outside the UK, 
and therefore endeavoured to adapt the SAHOT into German and to test 
its psychometric properties. 
Methods: We adapted and pilot tested the German version. We applied 
the SAHOT, Quality of Life after Brain Injury, Hospital Anxiety and 
Depression Scale and EuroQol questionnaires in a cohort of 89 patients 
with spontaneous SAH after discharge. We assessed internal consistency 
by Cronbach’s α, test-retest reliability by intraclass correlation and 
validity by Pearson correlations with established measures. Sensitivity to 
change was evaluated following neurorehabilitation by effect sizes. 
Results: The translation of SAHOT resulted in a German version that is 
semantically and conceptually equivalent to the English version. Internal 
consistency was good regarding the physical domain (α=0.83) and 
excellent for the other domains (α=0.92–0.93). Test–retest reliability 
indicated a high level of stability with an intraclass correlation of 0.85 
(95%CI:0.83-0.86). All domains correlated moderately or strongly with 
established measures (r=0.41-0.74; p<0.01). SAHOT total scores 
showed moderate sensitivity to change (Cohen`s d=-0.68), while mRS 
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and GOSE showed no significant sensitivity to change. 
Conclusion: The SAHOT can be adapted in other health care systems and 
societies than the UK. The German version of the SAHOT is a reliable and 
valid instrument, and can be used in future clinical studies and individual 
assessment after spontaneous SAH.
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Abstract

Objective: The subarachnoid haemorrhage (SAH) outcome tool (SAHOT) is the first 

SAH-specific patient reported outcome measure, and was developed in the UK. We 

aimed to validate the SAHOT outside the UK, and therefore endeavoured to adapt the 

SAHOT into German and to test its psychometric properties.

Methods: We adapted and pilot tested the German version. We applied the SAHOT, 

Quality of Life after Brain Injury, Hospital Anxiety and Depression Scale and EuroQol 

questionnaires in a cohort of 89 patients with spontaneous SAH after discharge. We 

assessed internal consistency by Cronbach’s α, test-retest reliability by intraclass 

correlation and validity by Pearson correlations with established measures. Sensitivity 

to change was evaluated following neurorehabilitation by effect sizes.
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Results: The translation of SAHOT resulted in a German version that is semantically 

and conceptually equivalent to the English version. Internal consistency was good 

regarding the physical domain (α=0.83) and excellent for the other domains (α=0.92–

0.93). Test–retest reliability indicated a high level of stability with an intraclass 

correlation of 0.85 (95%CI:0.83-0.86). All domains correlated moderately or strongly 

with established measures (r=0.41-0.74; p<0.01). SAHOT total scores showed 

moderate sensitivity to change (Cohen`s d=-0.68), while mRS and GOSE showed no 

significant sensitivity to change.

Conclusion: The SAHOT can be adapted in other health care systems and societies 

than the UK. The German version of the SAHOT is a reliable and valid instrument, and 

can be used in future clinical studies and individual assessment after spontaneous 

SAH.

Keywords: subarachnoid hemorrhage, aneurysmal subarachnoid hemorrhage, 

intracranial aneurysm, vascular disorders, patient-reported outcome 
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Introduction
Spontaneous subarachnoid haemorrhage (SAH) is a subtype of stroke with severe 

impact on society. The mean young age of onset and the poor outcome explain why 

the loss of productive life years from SAH is as large as that of ischemic stroke, the 

most common type of stroke. Despite improvements in management, case-fatality 

after one month still is around 35% and many patients have long-term sequelae.1–3 

Almost a third of the patients who survive the initial weeks struggle with fatigue and 

cognitive and emotional problems in the chronic phase and are not able to resume 

their previous work.4

The modified Rankin Scale (mRS) and the extended version of the Glasgow Outcome 

Scale (GOSE) are the most frequently applied measures for functional outcome in 

randomized controlled trials for SAH.5,6 Such functional outcome measures often do 

not capture impact on daily life from non-physical complaints.7,8 Outcomes directly 

reported by patients or next-of-kin, so called patient-reported outcome measures 

(PROMs) are increasingly recognized as a crucial part of outcome reporting.9 The 

subarachnoid haemorrhage outcome tool (SAHOT) currently is the firstonly PROM 

specifically developed for spontaneous SAH, irrespective of the presence or absence 

of an aneurysm.10

In the development phase of the SAHOT, Ppatients, next-of-kin and multidisciplinary 

professionals were involved to more completely assess cognitive, psychological, and 

physical complaints than established scores.11 The SAHOT was developed in the UK 

and validated in a separate SAH patient cohort from the UK but has not yet been 

assessed outside the UK. 

We therefore endeavored to provide a cross-cultural translation of the SAHOT in 

German and assess its reliability, validity and sensitivity to change in German SAH 

patients.

Methods
The study was approved by the Ethics Committee II of the University of Heidelberg, 

Medical Faculty Mannheim (IRB number 2020-602N). Patients or their caregivers 

provided their written informed consent prior to participating in this study.

Translation and back-translation of the SAHOT
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Permission to develop a German version of the SAHOT was obtained from the 

corresponding author of the original SAHOT development and validation study.

We performed a cross-cultural translation (including adaptation) following a 

standardized procedure as recommended in established guidelines.12 The first step 

involved two independent translations into German by two professional translators 

whose native language was English. Second, both versions were discussed with the 

first author (A.Z.) until a consensus translation was reached. Next, a third professional 

translator, who was not part of the aforementioned steps, performed a back-

translation; this backward translated version was reviewed for compliance with the 

original SAHOT questionnaire. Additionally, the corresponding author of the original 

publication reviewed the back-translation and confirmed that the content of the original 

version conforms to the back-translation. Subsequently, the pre-final version was 

tested for lack of ambiguity in 6 SAH patients (4 female, 2 male; age range 42-63 

years), who completed the scale, which took approximately 20 minutes. Based on the 

interviews no alterations of the last version were needed. Semantic, idiomatic and 

conceptual (including cultural adaptation) equivalencies were discussed and 

amendments were consensually integrated resulting in the final questionnaire.

Finally, a fourth professional translator (M.M.K.), who had not participated in the 

translation process, confirmed semantic equivalence. The final version of the German 

translation of the SAHOT is included in Supplementary File 1.

Patient inclusion 
From August 1st 2020 to February 15th 2022 we aimed to approach all consecutive 

patients who were admitted to our centre to participate in the study if they were 18 

years or older and had a spontaneous subarachnoid haemorrhage. We excluded non-

German speaking persons and patients with serious psychiatric diseases. Due to the 

strict visiting restrictions for ICU patients during the lockdown period of the COVID-19 

pandemic, not all poor grade patients and their next-of-kin could be approached, since 

family members or legal representatives could not assess the patients` condition 

properly. All patients were recruited by a physician after discharge from the tertiary 

care hospital and were asked to complete the questionnaire a second time after 1 to 

3 days and a third time following neurorehabilitation. Patients were asked to send the 

questionnaires back via mail or complete them prior to visits in our neurovascular 

clinic. Patients were discharged between one to three weeks after ictus from the 
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tertiary care facility depending on the cause of the SAH (aneurysmal or non-

aneurysmal) and on the clinical condition. Patients in a good or acceptable clinical 

condition (i.e. mRS<2) were discharged home until the beginning of their rehabilitation 

program or directly to a specialized neurological rehabilitation centre. If patients were 

in a poor clinical condition, they were transferred directly to a specialized neurological 

rehabilitation centre.

To assess test–retest reliability, we estimated that at least 50 patients were needed to 

complete the SAHOT questionnaire a second time after the initial participation. We 

readministered the tool following neurorehabilitation to analyze sensitivity to change, 

approximately 3 months after initial administration and estimated 25 patients needed 

to participate for the analysis.

 

Patient data, baseline characteristics and outcome measures
Demographic data, SAH characteristics, mRS and GOSE were prospectively 

recorded.13–15 Demographic data included clinical patient data and radiological 

measures as well as grading according to the World Federation of Neurological 

Societies (WFNS) grading system, the Fisher scale and aneurysm treatment 

modality.16,17

The SAHOT was developed involving patients, next-of-kin and multidisciplinary 

professionals engaged in SAH management incorporating their perspectives.11 It 

consists of 56 items, divided in the four domains general aspects of daily life, physical 

function, cognition, and behavioral and psychological function and can be used as 

both an interval and ordinal scale. Each item is scored on a 3 point Likert scale (“no 

change”, “some change” or “large or severe change”) resulting in a raw score ranging 

from 0 (best outcome) to 112 (worst outcome). The raw score can be transformed to 

ordinal categories including death.

Established scores were applied to analyze linear association of the respective 

SAHOT domains and total scores evaluating convergent validity. We limited the total 

number of items to avoid overburdening study participants, while trying to use as many 

instruments as possible. The QOLIBRI Overall Scale was validated in aneurysmal 

SAH patients, however, it consists of 12 items.18 We thought it is more reasonable to 

use its extended version for this validation study. The QOLIBRI consists of 6 domains, 

including personal and social life, function in daily life, cognition, physical condition 
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and emotions accounting for 30 out of 37 items, therefore correlations with the SAHOT 

domains can be properly studied. The Quality of Life After Brain Injury (QOLIBRI) was 

specifically developed for persons with Traumatic Brain Injury.19 The QOLIBRI 

provides six domains: physical condition, cognition, emotions, function in daily life, 

personal and social life and current situation and future prospects. Responses are 

coded on a 1 to 5 scale, where 1 represents “not at all satisfied” and 5 states ”very 

satisfied” and the total score is calculated as a mean score. Responses to the 

‘bothered’ items are coded reversely. The EuroQol Quality of Life Scale-5D (EQ-5D) 

is a generic health-related quality of life measure that evaluates five dimensions: 

mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.20 

Likewise tThe short items of the EQ-5D are similar to the respective SAHOT domains 

and do not  represent not a largeadd significant  additional burden for study 

participants. The EuroQol Visual Analogue Scale (EQ VAS) was designed to rate 

quality of life on a line from 0 to 100, which is feasible to do in a short of time. One of 

the primary goals of PROMs for SAH patients represents detection of cognitive, 

psychological and emotional distress. Hence, we applied the Hospital Anxiety and 

Depression Scale (HADS) to assesses non-physical symptoms of depression and 

anxiety.21,22 The questionnaire consists of 14 items rated on 4 point Likert scales, 

where scores range from 0 to 3. High values indicate depression and anxiety and it 

can be used to reliably and validly detect these two mental health states. The HADS 

has been used as a screening instrument in several languages and is particularly 

appropriate for hospitalized patients, including individuals with stroke.23

Psychometric evaluation 
The internal consistency of the German version of the SAHOT was assessed using 

Cronbach’s α. We considered a score higher than 0.70 as a desirable threshold.24

Floor and ceiling effects were calculated as the percentage of participants with the 

minimum or maximum score in each of the four domains of the SAHOT. Floor and 

ceiling frequencies higher than 15% were considered substantial.

In patients with a stable disease status, defined by the absence of new symptoms, we 

analyzed test–retest reliability with the intraclass correlation coefficient.

The construct validity of the SAHOT was assessed by determining Pearson correlation 

coefficients of subscores of the SAHOT with quality of life scores (QOLIBRI, EQ-5D 

and HADS) and total scores. Based on the original validation study of the SAHOT we 
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anticipated moderate (>.30) to large (>.50) correlations with the respective domains 

from established scores. We hypothesized during the design of our study significant 

negative correlations with disease-specific quality of life measures (QOLIBRI) and 

moderate positive correlations with generic quality of life measures (EQ-5D) and 

clinician-reported outcome measures (mRS) and a moderate negative correlation with 

the GOSE. We also hypothesized significant positive correlations with global 

psychological and emotional distress measures (HADS).

Sensitivity to change was tested by measuring SAHOT scores between discharge and 

follow-up visits after patients completed neurorehabilitation by analyzing pre-post 

effect sizes (Cohen’s d). An effect size |d| 0.2 was considered small, 0.5 as medium 

and 0.8 as large.

The direction of change for the item ‘Quality of relationship with those closest’ was not 

further specified as worse or better. Since only a few respondents reported a positive 

impact of SAH for most items in the original validation as well as in this validation 

study, positive changes were rescored as ‘no change’.

Statistical analysis
Data analysis was performed using the SPSS statistical software (version 23). The 

SAHOT raw score was used exclusively for data analysis, unless otherwise stated. 

When respondents chose the ‘not applicable’ option or left questions without an 

answer, items were treated as missing data. Missing data were replaced for further 

analysis by multiple imputation based on automatic imputation with a previous data 

scan in SPSS, when no more than two items per domain were missing. Only data from 

the SAHOT have been replaced and the imputation was exclusively based on previous 

data of the SAHOT, not implying other measures. Structural validity was assessed by 

an exploratory factorial analysis with a varimax rotation. We analyzed construct validity 

using patient scores, and next-of-kin scores when patients scores were not available. 

Calculation of Cohen`s d was based on the pooled standard deviation. Transformation 

for SAHOT raw scores to ordinal categories was done according to the original 

validation study with values from 1 (best outcome) to 9 (death). We performed a 

subgroup analysis for those patients with a proven aneurysm as cause of the SAH.

Results
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The forward- and back-translation process showed small differences in semantics in 

two items, which were resolved through consensus discussions. The item “low mood” 

was back-translated to “depression”. Since both forward-translation and reconciliation 

were exact in everyone's opinion, the back-translation was considered not exact, 

which was confirmed through the corresponding author of the UK SAHOT study. The 

item “agitation” was back-translated to “inner unrest”. For “agitation”, the UK study 

group had started from “Feeling agitated/can’t sit still” and this had come from a patient 

focus group. The “can’t sit still” suggests the patients were referring to a physical need 

to move, not just an internal feeling. Further discussion with patients resulted in a 

separation of the mental and physical aspects of this,  resulting with agitation and 

restlessness (inability to stand still) as separate items. Hence, the consensus was 

reached to qualify agitation with “inner unrest”. During the pre-test on the sample of 6 

patients, all items were clearly understood and none of the patients had difficulties with 

the instructions, wording of questions or length of the questionnaire. Patients in the 

test cohort did not propose any additional items. The final report of semantic 

equivalence confirmed a satisfactory match in semantic meaning between the original, 

the back-translated SAHOT items and the items of the final German version of the 

SAHOT.

Cohort characteristics
A total of 89 out of 91 approached patients participated in this study (table 1). The 

response rate for the test-retest analysis was 69% (n=61) and 44% (n=28) for the 

evaluation of sensitivity to change, requiring completion of neurorehabilitation. The 

mean age of patients was 54.2 ± 10.6 years and 73% of them were women. The mean 

interval between ictus and the first attempt of the questionnaire was 19.7  ± 12.9 days. 

Patients and next-of-kin completed the SAHOT questionnaire in approximately 20 

minutes.

Descriptive Statistics
The rate of missing items was 2.3%. The most frequently missing item was “learning 

a new skill” with 17% of responses missing.

We found no substantial floor or ceiling effects (table 2). Skewness was not present, 

defined by a value below -1.0 or above 1.0. Results were essentially the same in the 

subgroup of patients with aneurysmal SAH (supplementary table 1).
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Internal consistency, reliability and structural validity
The internal consistency was good for the physical domain and excellent for the other 

three domains (table 3) with Cronbach’s α ranging from 0.83-0.93. Cronbach’s α for 

the total score was 0.97. Single item correlations for each domain showed that all 

items correlated significantly among each other with moderate to large correlations in 

the expected direction. A total of 61 patients returned the retest and the intraclass 

correlation coefficients (ICC) indicated stability ranging from 0.83-0.86. The subgroup 

of aneurysmal SAH patients showed similar results (Cronbach`s α=0.83-0.94; 

ICC=0.84-0.87; supplementary table 2). According to an exploratory principal 

component analysis there was one dominant eigenvalue supporting the 

unidimensional solution of the SAHOT. As illustrated in the scree plot (supplemental 

figure 1) a two-dimensional solution might also be justified.

Convergent validity
The correlations between the SAHOT domains and the criterion-related measures are 

presented in table 4. We found significant moderate-to-large correlations between all 

SAHOT subscores on the one hand and QOLIBRI and EQ-5D subscores on the other 

hand. The emotional domain of the German version of the SAHOT correlated strongly 

with HADS total scores. SAHOT total scores showed a strong correlation with 

QOLIBRI and EQ-5D total scores and the EuroQOl Visual Analogue Scale, while mRS 

and GOSE scores showed a moderate correlation.

We expected SAHOT total scores to correlate with prognostic scores, the WFNS and 

Fisher Scale as described in the original validation study. In our study, we found no 

significant correlation between prognostic scores, the WFNS or Fisher Scale and total 

SAHOT scores. Overall, no significant differences between aneurysmal and non-

aneurysmal etiology were detected (supplementary table 3).

Sensitivity to change
Sensitivity to change of the German version of the SAHOT was assessed by 

measuring its ability to detect improvement by neurorehabilitation, measuring time 

points between subsequent questionnaires approximately 3 months apart. We 

expected negative effect sizes due to potential improvement by neurorehabilitation. 

We found moderate-to-large effect sizes for single domains (Cohen`s d=-0.35-(-0.80)) 
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and a moderate effect size for the total score (table 5). While the SAHOT raw scores 

and ordinal scores were significantly sensitive to changeresponsive, mRS and GOSE 

were not significantly sensitive to change. Responsiveness analysis of exclusively 

aAneurysm patients also had small or moderate effect sizes for each of the SAHOT 

domains, the total score, mRS, and GOSEshowed no discrepancies (supplementary 

table 4).

Discussion
We showed that it is possible to adapt and validate the SAHOT outside of the UK. The 

German version showed no floor or ceiling effects, sufficient internal consistency and 

high test-retest reliability for all domains and the total score. Each item contributed to 

Cronbach’s α. The results of an exploratory factor analysis were in line with both a 

one- and a two-dimensional solution. In order to keep the German version fully 

consistent with the original version of the SAHOT we did not alter the original items 

and structure of the SAHOT. Furthermore, the German version of the SAHOT revealed 

a satisfying convergent validity, with moderate-to-large correlations with established 

PROMs, and showed a moderate sensitivity to change.

To our current knowledge, this study is the first external validation of the SAHOT. The 

SAHOT is an attempt to more accurately illustrate patients' struggle to regain 

functional independence and overcome cognitive and behavioral deficits, since the 

most common persisting morbidities after SAH are executive dysfunction, short-term 

memory impairment, impulsivity, difficulty with concentration and making decisions, 

anxiety, depression, and fatigue.1,25

Despite distinct improvement in the management of SAH patients, which have also 

resulted in reduction of mortality and morbidity over the past decades, results from the 

most recent clinical trials failed to document further improvement of outcome after 

SAH. Factors that may explain the lack of outcome improvement in the latest clinical 

trials include ineffective treatment targets, sample size and, moreover, insensitive 

outcome measures.26,27 Subarachnoid haemorrhage is detrimental to 

neuropsychological function, irrespective of the cause of haemorrhage.28 In the past, 

attempts to assess patient reported outcomes for SAH patients were made based on 

questionnaires originally developed as generic PROMs such as the EQ-5D, or other 
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condition-specific PROMs such as the Stroke-specific Quality of Life scale or its short 

version.29–31 However, the unique pathophysiology and complications such as delayed 

cerebral ischemia induced by SAH affect the Health-Related Quality of Life (HRQoL) 

potentially in other ways than other stroke subtypes or traumatic brain injury.32,33 The 

QOLIBRI was originally developed for patients with traumatic brain injury and has been 

validated in SAH patients solely in its short form, the QOLIBRI Overall Scale.18,34 

Another recently introduced and condition-specific PROM is the “questionnaire for the 

screening of symptoms in aneurysmal subarachnoid hemorrhage” (SOS-SAH) 

developed in the Netherlands.35 The SOS-SAH consists of 40 items and 9 additional 

proxy questions for family members. The answering categories register direction of 

change on a 5-point Likert scale. It includes existing PROMs available in multiple 

languages and has not been validated clinically so far.

There are different interpretations to our findings: The lack of floor or ceiling effects is 

likely explained by the broad questions in all domains, whereby relevant complaints 

are unlikely to be missed. Further, the short items may have let patients to not choose 

the ‘not applicable’ option. We expected strong correlations with disease-specific 

quality of life measures (QOLIBRI) and moderate correlations with generic quality of 

life measures (EQ-5D) and clinician-reported outcome measures (mRS and GOSE). 

We found moderate correlations for all tested measures. The moderate correlation 

with QOLIBRI may be explained by the different brain pathology underlying both 

conditions. We expected negative effect sizes due to potential improvement by 

neurorehabilitation. We found a moderate effect size regarding sensitivity to change 

for the raw score of the SAHOT and the ordinal scale. The original SAHOT study 

reported small effect sizes for the interval and ordinal SAHOT as well as the GOSE, 

while there was a less than small effect size for the mRS. The fact that we found a 

moderate effect size for change over time, while the original study found a small effect 

size might be explained by the course of rehabilitation that was obligatory in our study, 

whereas it was not in the original validation study, since questionnaires were 

completed at similar time points in both studies. 

We do not know whether the effect size of the social domain and therefore the total 

score would have been scored differently, if the initial questionnaires had been 

completed longer after leaving the primary care hospital. Patients and next-of-kin 
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might rate their social situation in a different way, shortly after a long hospital stay. 

Some patients were directly transferred from the primary care hospital to a 

rehabilitation facility, which may have contributed to higher change of scores after 

rehabilitation.

We expected SAHOT total scores to correlate with prognostic scores, the WFNS and 

Fisher Scale as described in the original validation study. Interestingly, the original 

study showed a moderate correlation between prognostic scores such as the WFNS 

score and Fisher Scalescore, while this study could not confirm this correlation. One 

explanation might be the different proportions of high grade and good grade patients 

in both studies, while the proportion of aneurysmal and non-aneurysmal cases was 

similar. The missing correlation with prognostic scores suggests that a smaller 

proportion of patients in a poor condition probably has not influenced the results to a 

large extent. IThen again in the UK SAHOT study, the proportion of poor WFNS grade 

patients was lower than in our cohort (16% WFNS IV-V vs. 26% WFNS IV-V, 

respectively), which would be expected to make it more difficult to detect a correlation. 

The difference between the two studies might be due to the outcome and not the 

grade.  However, the present study had fewer patients with poor outcome (mRS 3-5) 

and this is why the likelihood of finding a correlation with prognostic scores is possibly 

reduced.  Since this study had less patients with a poor outcome (mRS 3-5) likely as 

a result of the COVID pandemic. More patients with a poor outcome would underline 

the likelihood of detecting a correlation between prognostic variables and the SAHOT. 

The other possible explanation is the time from ictus until assessment of the SAHOT. 

This study applied the SAHOT only a few weeks after ictus. In the UK SAHOT study, 

this was done at a fixed interval of 6 months. One would expect the data to be more 

sensitive to picking up a correlation if there is a good enough interval to allow patients 

to recover clinically, socially and psychologically and approximate their outcome 

plateau.

One strength of this study is the fact that the proportion of missing data was very low. 

Other strong points are the prospective design of the study and the sample size. We 

used a multitude of questionnaires and items which were validated in SAH patients to 

assess convergent validity.
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A weakness of our study is that we could not assess agreement between patients and 

significant others, since participation of next-of-kin was limited due to the COVID 

pandemic and the subsequent visitor restrictions. Since there were limited 

opportunities to visit the patients during the pandemic, family members or legal 

representatives could not assess the patients` condition properly and these patients 

couldn`t be included. The original SAHOT was developed in collaboration with SAH 

patients and next-of-kin by a multidisciplinary working group using Rasch-based and 

classical approaches for development and validation. Since no significant divergence 

between patient and next of kin responses was evident in the original study, it is 

reasonable to expect that there will be no differences between patients and next-of-

kin in the German version. Hence, the German SAHOT is could be deployable even 

when patients are not able to complete the questionnaire by themselves but future 

studies should address this methodologically to support this assumption. While the 

original published study indicated unidimensionality of the questionnaire, we were not 

able to clearly support this assumption, since our data support a one- or two-

dimensional solution. Due to the fact that this is a single study with a relatively small 

cohort, sensitivity to change may be over- or underestimated by the effect 

sizes.Another limitation is that, because of the COVID pandemic, the proportion of 

patients with poor outcome might have been underrepresented in this study.

In conclusion, we demonstrated that it is possible to adapt the UK SAHOT to another 

health care system, population and language. The clinical implication of this finding is 

that adaptation of the SAHOT to other countries, cultures or languages may be 

possible; of course it is always good to also perform a validation. While many clinical 

studies use 3 month outcome measures, the UK SAHOT assessed outcomes 1, 3 and 

6 months post-SAH, which is why the German version could also be applied within 6 

months after ictus. The high Cronbach's α values for the general, cognitive and 

emotional domains indicate that it may be possible to develop a short version of the 

SAHOT to simplify its use in clinical practice. Since the German version is a valid tool 

to assess HRQoL and response to therapy after spontaneous SAH, it can be 

implemented in clinical research and service settings in Germany.
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Tables

Table 1. Demographic and subarachnoid haemorrhage characteristics

Responders (n=89)

Age, mean (SD) 54.2 (10.6)

Gender, n (%)
   Female
  

65 (73)

Subarachnoid haemorrhage subtype and location (%)
   Aneurysmal
     anterior circulation
     posterior circulation
   Other

73 (82)
63 (86) 
10 (14)
16 (18)

Treatment modality, n (%)
   microsurgical clipping
   endovascular coiling
   endovascular flow diversion
  

41 (46)
28 (31) 

4 (4)

WFNS Grade, n (%)
   WFNS Grade I
   WFNS Grade II
   WFNS Grade III
   WFNS Grade IV
   WFNS Grade V-III
   WFNS Grade IV-V

4466 (7449)
1223 (2614)

10 (11)
15 (17)

8 (9) 

Fisher Grade, n (%)
   Fisher Grade I
   Fisher Grade II-II
   Fisher Grade III-IV
   Fisher Grade IV

827 (309)
1962 (7021)

33 (37)
29 (33)

Modified Rankin Scale at discharge, n (%)
   0-1 no symptoms or 
   1 no significant disability
   2-3 slight to moderate 
   3 moderate disability
   4-5 moderately severe disability
   5 severe disability

943 (4810) 
3333 (3737)
2113 (1524)

13 (15)
9 (10)

4 (4)
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Table 2 Descriptive statistics of the German Version of the Subarachnoid 

Haemorrhage Outcome Tool (n=89)

Items Mean 
(SD)

Median IQR Range Skew-
ness

% score 
0

% score 
2

Mean inter-
item 
correlation

4 domains

  Social 14 1 
(0.84)

1 2 0-2 0.01 1.1 3.8 0.49

  Physical 13 1.33 
(0.78)

2 1 0-2 -0.64 0 2.2 0.27

  Cognitive 13 1.32 
(0.76)

1 1 0-2 -0.61 1.1 3.8 0.47

  Emotional 16 1.33 
(0.78)

2 1 0-2 -0.65 0 0 0.36

Total 
SAHOT

56 1.19 
(0.81)

1 2 0-2 -0.35 0 0 0.32

IQR, Interquartile Range

% score 0, percentage of lowest possible score

% score 2, percentage of highest possible score

SAHOT, Subarachnoid Haemorrhage Outcome Tool

Table 3. Reliability - Internal consistency and test-retest reliability

SAHOT Domain No. of Items Cronbach`s α 
(n=89)

Intraclass 
correlation 
coefficient (n=61)

Social 14 0.93 0.86

Physical 13 0.83 0.86

Cognitive 13 0.92 0.85

Emotional 16 0.92 0.83

SAHOT Total 56 0.97 0.85

SD: standard deviation
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Table 4. Construct validity

SAHOT Domain Measure Pearson correlation (n=84)

General/ social roles QOLIBRI

EQ-5D

-0.53**

 0.51**

Physical QOLIBRI

EQ-5D Mobility

EQ-5D Pain

-0.64**

 0.65**

0.41*

Cognitive QOLIBRI -0.66**

Emotional HADS

QOLIBRI

EQ-5D

0.55*

-0.39**

0.62**

SAHOT Total QOLIBRI

EQ-5D

EQ VAS

mRS

GOSE

-0.74**

0.73**

-0.58**

0.47**

-0.49**

SAHOT: Subarachnoid Haemorrhage Outcome Tool

QOLIBRI: Quality of Life After Brain Injury scale

HADS: Hospital Anxiety and Depression Scale

EQ-5D:  EuroQol Quality of Life Scale-5D

EQ VAS: EuroQol Visual Analogue Scale

mRS: modified Rankin Scale

GOSE: extended version of the Glasgow Outcome Scale

** p < 0.01

*  p < 0.05
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Table 5. Responsiveness – Subarachnoid haemorrhage outcome measures

Measure Discharge 
score: median 

(range)

3 month score: 
median (range)

P Effect size
(n=37)

4 domains

Social 

Physical

cognitive

emotional

Raw total score 
SAHOT 

19 (1-28)

21 (11-26)

22 (5-26)

26 (2-31)

86 (22-111)

12 (0-28)

18 (1-26)

19 (0-26)

23 (2-31)

70 (2-111)

0.001

0.014

0.135

0.047

0.005

-0.80

-0.58

-0.35

-0.47

-0.68

Ordinal SAHOT 7 (3-8) 6 (1-8) 0.010 -0.61

mRS 2 (0-5) 1 (0-5) 0.131 -0.34

GOSE 6 (3-8) 7 (3-8) 0.252  0.26

SAHOT: Subarachnoid Haemorrhage Outcome Tool

mRS: modified Rankin Scale

GOSE: extended version of the Glasgow Outcome Scale
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Abstract

Objective: The subarachnoid haemorrhage (SAH) outcome tool (SAHOT) is the first 

SAH-specific patient reported outcome measure, and was developed in the UK. We 

aimed to validate the SAHOT outside the UK, and therefore endeavoured to adapt the 

SAHOT into German and to test its psychometric properties.

Methods: We adapted and pilot tested the German version. We applied the SAHOT, 

Quality of Life after Brain Injury, Hospital Anxiety and Depression Scale and EuroQol 

questionnaires in a cohort of 89 patients with spontaneous SAH after discharge. We 

assessed internal consistency by Cronbach’s α, test-retest reliability by intraclass 

correlation and validity by Pearson correlations with established measures. Sensitivity 

to change was evaluated following neurorehabilitation by effect sizes.
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Results: The translation of SAHOT resulted in a German version that is semantically 

and conceptually equivalent to the English version. Internal consistency was good 

regarding the physical domain (α=0.83) and excellent for the other domains (α=0.92–

0.93). Test–retest reliability indicated a high level of stability with an intraclass 

correlation of 0.85 (95%CI:0.83-0.86). All domains correlated moderately or strongly 

with established measures (r=0.41-0.74; p<0.01). SAHOT total scores showed 

moderate sensitivity to change (Cohen`s d=-0.68), while mRS and GOSE showed no 

significant sensitivity to change.

Conclusion: The SAHOT can be adapted in other health care systems and societies 

than the UK. The German version of the SAHOT is a reliable and valid instrument, and 

can be used in future clinical studies and individual assessment after spontaneous 

SAH.

Keywords: subarachnoid hemorrhage, aneurysmal subarachnoid hemorrhage, 

intracranial aneurysm, vascular disorders, patient-reported outcome 
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Introduction
Spontaneous subarachnoid haemorrhage (SAH) is a subtype of stroke with severe 

impact on society. The mean young age of onset and the poor outcome explain why 

the loss of productive life years from SAH is as large as that of ischemic stroke, the 

most common type of stroke. Despite improvements in management, case-fatality 

after one month still is around 35% and many patients have long-term sequelae.1–3 

Almost a third of the patients who survive the initial weeks struggle with fatigue and 

cognitive and emotional problems in the chronic phase and are not able to resume 

their previous work.4

The modified Rankin Scale (mRS) and the extended version of the Glasgow Outcome 

Scale (GOSE) are the most frequently applied measures for functional outcome in 

randomized controlled trials for SAH.5,6 Such functional outcome measures often do 

not capture impact on daily life from non-physical complaints.7,8 Outcomes directly 

reported by patients or next-of-kin, so called patient-reported outcome measures 

(PROMs) are increasingly recognized as a crucial part of outcome reporting.9 The 

subarachnoid haemorrhage outcome tool (SAHOT) is the first PROM specifically 

developed for spontaneous SAH, irrespective of the presence or absence of an 

aneurysm.10

In the development phase of the SAHOT, patients, next-of-kin and multidisciplinary 

professionals were involved to more completely assess cognitive, psychological, and 

physical complaints than established scores.11 The SAHOT was developed in the UK 

and validated in a separate SAH patient cohort from the UK but has not yet been 

assessed outside the UK. 

We therefore endeavored to provide a cross-cultural translation of the SAHOT in 

German and assess its reliability, validity and sensitivity to change in German SAH 

patients.

Methods
The study was approved by the Ethics Committee II of the University of Heidelberg, 

Medical Faculty Mannheim (IRB number 2020-602N). Patients or their caregivers 

provided their written informed consent prior to participating in this study.

Translation and back-translation of the SAHOT
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Permission to develop a German version of the SAHOT was obtained from the 

corresponding author of the original SAHOT development and validation study.

We performed a cross-cultural translation (including adaptation) following a 

standardized procedure as recommended in established guidelines.12 The first step 

involved two independent translations into German by two professional translators 

whose native language was English. Second, both versions were discussed with the 

first author (A.Z.) until a consensus translation was reached. Next, a third professional 

translator, who was not part of the aforementioned steps, performed a back-

translation; this backward translated version was reviewed for compliance with the 

original SAHOT questionnaire. Additionally, the corresponding author of the original 

publication reviewed the back-translation and confirmed that the content of the original 

version conforms to the back-translation. Subsequently, the pre-final version was 

tested for lack of ambiguity in 6 SAH patients (4 female, 2 male; age range 42-63 

years), who completed the scale, which took approximately 20 minutes. Based on the 

interviews no alterations of the last version were needed. Semantic, idiomatic and 

conceptual (including cultural adaptation) equivalencies were discussed and 

amendments were consensually integrated resulting in the final questionnaire.

Finally, a fourth professional translator (M.M.K.), who had not participated in the 

translation process, confirmed semantic equivalence. The final version of the German 

translation of the SAHOT is included in Supplementary File 1.

Patient inclusion 
From August 1st 2020 to February 15th 2022 we aimed to approach all consecutive 

patients who were admitted to our centre to participate in the study if they were 18 

years or older and had a spontaneous subarachnoid haemorrhage. We excluded non-

German speaking persons and patients with serious psychiatric diseases. Due to the 

strict visiting restrictions for ICU patients during the lockdown period of the COVID-19 

pandemic, not all poor grade patients and their next-of-kin could be approached, since 

family members or legal representatives could not assess the patients` condition 

properly. All patients were recruited by a physician after discharge from the tertiary 

care hospital and were asked to complete the questionnaire a second time after 1 to 

3 days and a third time following neurorehabilitation. Patients were asked to send the 

questionnaires back via mail or complete them prior to visits in our neurovascular 

clinic. Patients were discharged between one to three weeks after ictus from the 
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tertiary care facility depending on the cause of the SAH (aneurysmal or non-

aneurysmal) and on the clinical condition. Patients in a good or acceptable clinical 

condition (i.e. mRS<2) were discharged home until the beginning of their rehabilitation 

program or directly to a specialized neurological rehabilitation centre. If patients were 

in a poor clinical condition, they were transferred directly to a specialized neurological 

rehabilitation centre.

To assess test–retest reliability, we estimated that at least 50 patients were needed to 

complete the SAHOT questionnaire a second time after the initial participation. We 

readministered the tool following neurorehabilitation to analyze sensitivity to change, 

approximately 3 months after initial administration and estimated 25 patients needed 

to participate for the analysis.

 

Patient data, baseline characteristics and outcome measures
Demographic data, SAH characteristics, mRS and GOSE were prospectively 

recorded.13–15 Demographic data included clinical patient data and radiological 

measures as well as grading according to the World Federation of Neurological 

Societies (WFNS) grading system, the Fisher scale and aneurysm treatment 

modality.16,17

The SAHOT was developed involving patients, next-of-kin and multidisciplinary 

professionals engaged in SAH management incorporating their perspectives.11 It 

consists of 56 items, divided in the four domains general aspects of daily life, physical 

function, cognition, and behavioral and psychological function and can be used as 

both an interval and ordinal scale. Each item is scored on a 3 point Likert scale (“no 

change”, “some change” or “large or severe change”) resulting in a raw score ranging 

from 0 (best outcome) to 112 (worst outcome). The raw score can be transformed to 

ordinal categories including death.

Established scores were applied to analyze linear association of the respective 

SAHOT domains and total scores evaluating convergent validity. We limited the total 

number of items to avoid overburdening study participants, while trying to use as many 

instruments as possible. The QOLIBRI Overall Scale was validated in aneurysmal 

SAH patients, however, it consists of 12 items.18 We thought it is more reasonable to 

use its extended version for this validation study. The QOLIBRI consists of 6 domains, 

including personal and social life, function in daily life, cognition, physical condition 
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and emotions accounting for 30 out of 37 items, therefore correlations with the SAHOT 

domains can be properly studied. The Quality of Life After Brain Injury (QOLIBRI) was 

specifically developed for persons with Traumatic Brain Injury.19 The QOLIBRI 

provides six domains: physical condition, cognition, emotions, function in daily life, 

personal and social life and current situation and future prospects. Responses are 

coded on a 1 to 5 scale, where 1 represents “not at all satisfied” and 5 states ”very 

satisfied” and the total score is calculated as a mean score. Responses to the 

‘bothered’ items are coded reversely. The EuroQol Quality of Life Scale-5D (EQ-5D) 

is a generic health-related quality of life measure that evaluates five dimensions: 

mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.20 The 

short items of the EQ-5D are similar to the respective SAHOT domains and do not add 

significant burden for study participants. The EuroQol Visual Analogue Scale (EQ 

VAS) was designed to rate quality of life on a line from 0 to 100, which is feasible to 

do in a short of time. One of the primary goals of PROMs for SAH patients represents 

detection of cognitive, psychological and emotional distress. Hence, we applied the 

Hospital Anxiety and Depression Scale (HADS) to assess non-physical symptoms of 

depression and anxiety.21,22 The questionnaire consists of 14 items rated on 4 point 

Likert scales, where scores range from 0 to 3. High values indicate depression and 

anxiety and it can be used to reliably and validly detect these two mental health states. 

The HADS has been used as a screening instrument in several languages and is 

particularly appropriate for hospitalized patients, including individuals with stroke.23

Psychometric evaluation 
The internal consistency of the German version of the SAHOT was assessed using 

Cronbach’s α. We considered a score higher than 0.70 as a desirable threshold.24

Floor and ceiling effects were calculated as the percentage of participants with the 

minimum or maximum score in each of the four domains of the SAHOT. Floor and 

ceiling frequencies higher than 15% were considered substantial.

In patients with a stable disease status, defined by the absence of new symptoms, we 

analyzed test–retest reliability with the intraclass correlation coefficient.

The construct validity of the SAHOT was assessed by determining Pearson correlation 

coefficients of subscores of the SAHOT with quality of life scores (QOLIBRI, EQ-5D 

and HADS) and total scores. Based on the original validation study of the SAHOT we 

anticipated moderate (>.30) to large (>.50) correlations with the respective domains 
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from established scores. We hypothesized during the design of our study significant 

negative correlations with disease-specific quality of life measures (QOLIBRI) and 

moderate positive correlations with generic quality of life measures (EQ-5D) and 

clinician-reported outcome measures (mRS) and a moderate negative correlation with 

the GOSE. We also hypothesized significant positive correlations with global 

psychological and emotional distress measures (HADS).

Sensitivity to change was tested by measuring SAHOT scores between discharge and 

follow-up visits after patients completed neurorehabilitation by analyzing pre-post 

effect sizes (Cohen’s d). An effect size |d| 0.2 was considered small, 0.5 as medium 

and 0.8 as large.

The direction of change for the item ‘Quality of relationship with those closest’ was not 

further specified as worse or better. Since only a few respondents reported a positive 

impact of SAH for most items in the original validation as well as in this validation 

study, positive changes were rescored as ‘no change’.

Statistical analysis
Data analysis was performed using the SPSS statistical software (version 23). The 

SAHOT raw score was used exclusively for data analysis, unless otherwise stated. 

When respondents chose the ‘not applicable’ option or left questions without an 

answer, items were treated as missing data. Missing data were replaced for further 

analysis by multiple imputation based on automatic imputation with a previous data 

scan in SPSS, when no more than two items per domain were missing. Only data from 

the SAHOT have been replaced and the imputation was exclusively based on previous 

data of the SAHOT, not implying other measures. Structural validity was assessed by 

an exploratory factorial analysis with a varimax rotation. We analyzed construct validity 

using patient scores, and next-of-kin scores when patients scores were not available. 

Calculation of Cohen`s d was based on the pooled standard deviation. Transformation 

for SAHOT raw scores to ordinal categories was done according to the original 

validation study with values from 1 (best outcome) to 9 (death). We performed a 

subgroup analysis for those patients with a proven aneurysm as cause of the SAH.

Results
The forward- and back-translation process showed small differences in semantics in 

two items, which were resolved through consensus discussions. The item “low mood” 

Page 29 of 54

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

was back-translated to “depression”. Since both forward-translation and reconciliation 

were exact in everyone's opinion, the back-translation was considered not exact, 

which was confirmed through the corresponding author of the UK SAHOT study. The 

item “agitation” was back-translated to “inner unrest”. For “agitation”, the UK study 

group had started from “Feeling agitated/can’t sit still” and this had come from a patient 

focus group. The “can’t sit still” suggests the patients were referring to a physical need 

to move, not just an internal feeling. Further discussion with patients resulted in a 

separation of the mental and physical aspects of this, resulting with agitation and 

restlessness (inability to stand still) as separate items. Hence, the consensus was 

reached to qualify agitation with “inner unrest”. During the pre-test on the sample of 6 

patients, all items were clearly understood and none of the patients had difficulties with 

the instructions, wording of questions or length of the questionnaire. Patients in the 

test cohort did not propose any additional items. The final report of semantic 

equivalence confirmed a satisfactory match in semantic meaning between the original, 

the back-translated SAHOT items and the items of the final German version of the 

SAHOT.

Cohort characteristics
A total of 89 out of 91 approached patients participated in this study (table 1). The 

response rate for the test-retest analysis was 69% (n=61) and 44% (n=28) for the 

evaluation of sensitivity to change, requiring completion of neurorehabilitation. The 

mean age of patients was 54.2 ± 10.6 years and 73% of them were women. The mean 

interval between ictus and the first attempt of the questionnaire was 19.7  ± 12.9 days. 

Patients and next-of-kin completed the SAHOT questionnaire in approximately 20 

minutes.

Descriptive Statistics
The rate of missing items was 2.3%. The most frequently missing item was “learning 

a new skill” with 17% of responses missing.

We found no substantial floor or ceiling effects (table 2). Skewness was not present, 

defined by a value below -1.0 or above 1.0. Results were essentially the same in the 

subgroup of patients with aneurysmal SAH (supplementary table 1).

Internal consistency, reliability and structural validity
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The internal consistency was good for the physical domain and excellent for the other 

three domains (table 3) with Cronbach’s α ranging from 0.83-0.93. Cronbach’s α for 

the total score was 0.97. Single item correlations for each domain showed that all 

items correlated significantly among each other with moderate to large correlations in 

the expected direction. A total of 61 patients returned the retest and the intraclass 

correlation coefficients (ICC) indicated stability ranging from 0.83-0.86. The subgroup 

of aneurysmal SAH patients showed similar results (Cronbach`s α=0.83-0.94; 

ICC=0.84-0.87; supplementary table 2). According to an exploratory principal 

component analysis there was one dominant eigenvalue supporting the 

unidimensional solution of the SAHOT. As illustrated in the scree plot (supplemental 

figure 1) a two-dimensional solution might also be justified.

Convergent validity
The correlations between the SAHOT domains and the criterion-related measures are 

presented in table 4. We found significant moderate-to-large correlations between all 

SAHOT subscores on the one hand and QOLIBRI and EQ-5D subscores on the other 

hand. The emotional domain of the German version of the SAHOT correlated strongly 

with HADS total scores. SAHOT total scores showed a strong correlation with 

QOLIBRI and EQ-5D total scores and the EuroQOl Visual Analogue Scale, while mRS 

and GOSE scores showed a moderate correlation.

In our study, we found no significant correlation between prognostic scores, the WFNS 

or Fisher Scale and total SAHOT scores. Overall, no significant differences between 

aneurysmal and non-aneurysmal etiology were detected (supplementary table 3).

Sensitivity to change
Sensitivity to change of the German version of the SAHOT was assessed by 

measuring its ability to detect improvement by neurorehabilitation, measuring time 

points between subsequent questionnaires approximately 3 months apart. We found 

moderate-to-large effect sizes for single domains (Cohen`s d=-0.35-(-0.80)) and a 

moderate effect size for the total score (table 5). While the SAHOT raw scores and 

ordinal scores were significantly sensitive to change, mRS and GOSE were not 

significantly sensitive to change. Aneurysm patients also had small or moderate effect 

sizes for each of the SAHOT domains, the total score, mRS, and GOSE 

(supplementary table 4).
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Discussion
We showed that it is possible to adapt and validate the SAHOT outside of the UK. The 

German version showed no floor or ceiling effects, sufficient internal consistency and 

high test-retest reliability for all domains and the total score. Each item contributed to 

Cronbach’s α. The results of an exploratory factor analysis were in line with both a 

one- and a two-dimensional solution. In order to keep the German version fully 

consistent with the original version of the SAHOT we did not alter the original items 

and structure of the SAHOT. Furthermore, the German version of the SAHOT revealed 

a satisfying convergent validity, with moderate-to-large correlations with established 

PROMs, and showed a moderate sensitivity to change.

To our current knowledge, this study is the first external validation of the SAHOT. The 

SAHOT is an attempt to more accurately illustrate patients' struggle to regain 

functional independence and overcome cognitive and behavioral deficits, since the 

most common persisting morbidities after SAH are executive dysfunction, short-term 

memory impairment, impulsivity, difficulty with concentration and making decisions, 

anxiety, depression, and fatigue.1,25

Despite distinct improvement in the management of SAH patients, which have also 

resulted in reduction of mortality and morbidity over the past decades, results from the 

most recent clinical trials failed to document further improvement of outcome after 

SAH. Factors that may explain the lack of outcome improvement in the latest clinical 

trials include ineffective treatment targets, sample size and, moreover, insensitive 

outcome measures.26,27 Subarachnoid haemorrhage is detrimental to 

neuropsychological function, irrespective of the cause of haemorrhage.28 In the past, 

attempts to assess patient reported outcomes for SAH patients were made based on 

questionnaires originally developed as generic PROMs such as the EQ-5D, or other 

condition-specific PROMs such as the Stroke-specific Quality of Life scale or its short 

version.29–31 However, the unique pathophysiology and complications such as delayed 

cerebral ischemia induced by SAH affect the Health-Related Quality of Life (HRQoL) 

potentially in other ways than other stroke subtypes or traumatic brain injury.32,33 The 

QOLIBRI was originally developed for patients with traumatic brain injury and has been 

validated in SAH patients solely in its short form, the QOLIBRI Overall Scale.18,34 
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Another recently introduced and condition-specific PROM is the “questionnaire for the 

screening of symptoms in aneurysmal subarachnoid hemorrhage” (SOS-SAH) 

developed in the Netherlands.35 The SOS-SAH consists of 40 items and 9 additional 

proxy questions for family members. The answering categories register direction of 

change on a 5-point Likert scale. It includes existing PROMs available in multiple 

languages and has not been validated clinically so far.

There are different interpretations to our findings: The lack of floor or ceiling effects is 

likely explained by the broad questions in all domains, whereby relevant complaints 

are unlikely to be missed. Further, the short items may have let patients to not choose 

the ‘not applicable’ option. We expected strong correlations with disease-specific 

quality of life measures (QOLIBRI) and moderate correlations with generic quality of 

life measures (EQ-5D) and clinician-reported outcome measures (mRS and GOSE). 

We found moderate correlations for all tested measures. The moderate correlation 

with QOLIBRI may be explained by the different brain pathology underlying both 

conditions. We expected negative effect sizes due to potential improvement by 

neurorehabilitation. We found a moderate effect size regarding sensitivity to change 

for the raw score of the SAHOT and the ordinal scale. The original SAHOT study 

reported small effect sizes for the interval and ordinal SAHOT as well as the GOSE, 

while there was a less than small effect size for the mRS. The fact that we found a 

moderate effect size for change over time, while the original study found a small effect 

size might be explained by the course of rehabilitation that was obligatory in our study, 

whereas it was not in the original validation study, since questionnaires were 

completed at similar time points in both studies. 

We do not know whether the effect size of the social domain and therefore the total 

score would have been scored differently, if the initial questionnaires had been 

completed longer after leaving the primary care hospital. Patients and next-of-kin 

might rate their social situation in a different way, shortly after a long hospital stay. 

Some patients were directly transferred from the primary care hospital to a 

rehabilitation facility, which may have contributed to higher change of scores after 

rehabilitation.
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We expected SAHOT total scores to correlate with prognostic scores, the WFNS and 

Fisher Scale as described in the original validation study. Interestingly, the original 

study showed a moderate correlation between the WFNS score and Fisher Scale, 

while this study could not confirm this correlation. In the UK SAHOT study, the 

proportion of poor WFNS grade patients was lower than in our cohort (16% WFNS 

IV-V vs. 26% WFNS IV-V, respectively), which would be expected to make it more 

difficult to detect a correlation. However, the present study had fewer patients with 

poor outcome (mRS 3-5) and this is why the likelihood of finding a correlation with 

prognostic scores is possibly reduced. The other possible explanation is the time from 

ictus until assessment of the SAHOT. This study applied the SAHOT only a few weeks 

after ictus. In the UK SAHOT study, this was done at a fixed interval of 6 months. One 

would expect the data to be more sensitive to picking up a correlation if there is a good 

enough interval to allow patients to recover clinically, socially and psychologically and 

approximate their outcome plateau.

One strength of this study is the fact that the proportion of missing data was very low. 

Other strong points are the prospective design of the study and the sample size. We 

used a multitude of questionnaires and items which were validated in SAH patients to 

assess convergent validity.

Since there were limited opportunities to visit the patients during the pandemic, family 

members or legal representatives could not assess the patients` condition properly 

and these patients couldn`t be included. The original SAHOT was developed in 

collaboration with SAH patients and next-of-kin by a multidisciplinary working group 

using Rasch-based and classical approaches for development and validation. Since 

no significant divergence between patient and next of kin responses was evident in 

the original study, it is reasonable to expect that there will be no differences between 

patients and next-of-kin in the German version. Hence, the German SAHOT could be 

deployable even when patients are not able to complete the questionnaire by 

themselves but future studies should address this methodologically to support this 

assumption. While the original published study indicated unidimensionality of the 

questionnaire, we were not able to clearly support this assumption, since our data 

support a one- or two-dimensional solution. Due to the fact that this is a single study 
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with a relatively small cohort, sensitivity to change may be over- or underestimated by 

the effect sizes.

In conclusion, we demonstrated that it is possible to adapt the UK SAHOT to another 

health care system, population and language. The clinical implication of this finding is 

that adaptation of the SAHOT to other countries, cultures or languages may be 

possible; of course it is always good to also perform a validation. While many clinical 

studies use 3 month outcome measures, the UK SAHOT assessed outcomes 1, 3 and 

6 months post-SAH, which is why the German version could also be applied within 6 

months after ictus. The high Cronbach's α values for the general, cognitive and 

emotional domains indicate that it may be possible to develop a short version of the 

SAHOT to simplify its use in clinical practice. Since the German version is a valid tool 

to assess HRQoL and response to therapy after spontaneous SAH, it can be 

implemented in clinical research and service settings in Germany.
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Tables

Table 1. Demographic and subarachnoid haemorrhage characteristics

Responders (n=89)

Age, mean (SD) 54.2 (10.6)

Gender, n (%)
   Female
  

65 (73)

Subarachnoid haemorrhage subtype and location (%)
   Aneurysmal
     anterior circulation
     posterior circulation
   Other

73 (82)
63 (86) 
10 (14)
16 (18)

Treatment modality, n (%)
   microsurgical clipping
   endovascular coiling
   endovascular flow diversion
  

41 (46)
28 (31) 

4 (4)

WFNS Grade, n (%)
   WFNS Grade I
   WFNS Grade II
   WFNS Grade III
   WFNS Grade IV
   WFNS Grade V

44 (49)
12 (14)
10 (11)
15 (17)

8 (9) 

Fisher Grade, n (%)
   Fisher Grade I
   Fisher Grade II
   Fisher Grade III
   Fisher Grade IV

8(9)
19(21)
33 (37)
29 (33)

Modified Rankin Scale at discharge, n (%)
   0 no symptoms
   1 no significant disability
   2 slight 
   3 moderate disability
   4 moderately severe disability
   5 severe disability

9 (10) 
33 (37)
21 (24)
13 (15)

9 (10)
4 (4)
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Table 2 Descriptive statistics of the German Version of the Subarachnoid 

Haemorrhage Outcome Tool (n=89)

Items Mean 
(SD)

Median IQR Range Skew-
ness

% score 
0

% score 
2

Mean inter-
item 
correlation

4 domains

  Social 14 1 
(0.84)

1 2 0-2 0.01 1.1 3.8 0.49

  Physical 13 1.33 
(0.78)

2 1 0-2 -0.64 0 2.2 0.27

  Cognitive 13 1.32 
(0.76)

1 1 0-2 -0.61 1.1 3.8 0.47

  Emotional 16 1.33 
(0.78)

2 1 0-2 -0.65 0 0 0.36

Total 
SAHOT

56 1.19 
(0.81)

1 2 0-2 -0.35 0 0 0.32

IQR, Interquartile Range

% score 0, percentage of lowest possible score

% score 2, percentage of highest possible score

SAHOT, Subarachnoid Haemorrhage Outcome Tool

Table 3. Reliability - Internal consistency and test-retest reliability

SAHOT Domain No. of Items Cronbach`s α 
(n=89)

Intraclass 
correlation 
coefficient (n=61)

Social 14 0.93 0.86

Physical 13 0.83 0.86

Cognitive 13 0.92 0.85

Emotional 16 0.92 0.83

SAHOT Total 56 0.97 0.85

SD: standard deviation
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Table 4. Construct validity

SAHOT Domain Measure Pearson correlation (n=84)

General/ social roles QOLIBRI

EQ-5D

-0.53**

 0.51**

Physical QOLIBRI

EQ-5D Mobility

EQ-5D Pain

-0.64**

 0.65**

0.41*

Cognitive QOLIBRI -0.66**

Emotional HADS

QOLIBRI

EQ-5D

0.55*

-0.39**

0.62**

SAHOT Total QOLIBRI

EQ-5D

EQ VAS

mRS

GOSE

-0.74**

0.73**

-0.58**

0.47**

-0.49**

SAHOT: Subarachnoid Haemorrhage Outcome Tool

QOLIBRI: Quality of Life After Brain Injury scale

HADS: Hospital Anxiety and Depression Scale

EQ-5D:  EuroQol Quality of Life Scale-5D

EQ VAS: EuroQol Visual Analogue Scale

mRS: modified Rankin Scale

GOSE: extended version of the Glasgow Outcome Scale

** p < 0.01

*  p < 0.05
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Table 5. Responsiveness – Subarachnoid haemorrhage outcome measures

Measure Discharge 
score: median 

(range)

3 month score: 
median (range)

P Effect size
(n=37)

4 domains

Social 

Physical

cognitive

emotional

Raw total score 
SAHOT 

19 (1-28)

21 (11-26)

22 (5-26)

26 (2-31)

86 (22-111)

12 (0-28)

18 (1-26)

19 (0-26)

23 (2-31)

70 (2-111)

0.001

0.014

0.135

0.047

0.005

-0.80

-0.58

-0.35

-0.47

-0.68

Ordinal SAHOT 7 (3-8) 6 (1-8) 0.010 -0.61

mRS 2 (0-5) 1 (0-5) 0.131 -0.34

GOSE 6 (3-8) 7 (3-8) 0.252  0.26

SAHOT: Subarachnoid Haemorrhage Outcome Tool

mRS: modified Rankin Scale

GOSE: extended version of the Glasgow Outcome Scale
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SAHOT 
Fragebogen zur Beurteilung der Auswirkungen nach einer Subarachnoidalblutung 

 
 

Dieser Fragebogen dient dazu, die Genesung nach einer Subarachnoidalblutung zum aktuellen Zeitpunkt zu 
beurteilen. Der Patient/die Patientin und sein oder ihr Angehöriger sollten jeweils einen eigenen Fragebogen 
ausfüllen und sich dabei nicht austauschen. 

 

• Bitte denken Sie an die Situation VOR der Blutung und vergleichen Sie sie damit, wie die 
folgenden Aspekte des täglichen Lebens JETZT sind (d. h. in dieser Woche). 

 

• Bitte kreisen Sie die Antwort ein, die diese VERÄNDERUNG für den jeweiligen Aspekt am 
besten beschreibt. 

 

• Wenn Sie eine Aktivität noch nicht ausprobiert haben oder nicht sicher sind, ob Sie in der Lage 
wären, eine Aufgabe auszuführen, kreisen Sie für die Zwecke dieses Fragebogens „eine 
große/deutliche Veränderung“ ein. 

 

• Wenn Sie eine Aktivität vor der Blutung nicht durchgeführt haben, wählen Sie bitte „n. z.“. 
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1. Allgemeine Aspekte des täglichen Lebens 
 

Funktionsfähigkeit insgesamt Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Körperliche Aktivitäten im Alltag 
(z. B. Gehen, Treppen steigen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Andere Menschen treffen 
(Personen außerhalb des Kollegenkreises/der Familie) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Früheren Hobbys nachgehen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Tätigkeiten im Haushalt Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Tagesausflüge/abendliche Unternehmungen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Qualität der Beziehung zu den engsten 
Bezugspersonen 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

Kreuzen Sie bitte an, ob die Beziehung jetzt 
besser [ ] oder schlechter [ ] ist. 

 

Qualität der Beziehung zu anderen 
Menschen 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Dinge allein unternehmen 
(z. B. Einkaufen, Ausgehen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Zurechtkommen an überfüllten, 

belebten oder lauten Orten 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

 
 
 

 

Sexualleben Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Grundlegende Selbstpflege 
(z. B. Fähigkeit, sich zu waschen und anzuziehen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Sportliche Betätigung in der Freizeit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

2. Körperliche Aspekte 
 

Körperliche Erschöpfung/Müdigkeit 
(d. h. wie viel man tun kann, bevor man aufhören und sich 

ausruhen muss) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Gleichgewicht beim Gehen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

Schlafmuster 
(tagsüber oder nachts) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Ungeschicklichkeit 
(veränderte Handschrift, Schwierigkeiten bei der Verwendung von 

Besteck, Umstoßen von Gegenständen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Stürze 
(einschließlich Stolpern/Straucheln) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Kraft/Koordination der Arme und Hände Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Kraft/Koordination der Beine Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Schmerzen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

 
 
 

 

Sehvermögen 
(ausgenommen Veränderungen bei der Verschreibung von 

Sehhilfen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Hörvermögen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Geruchs-/Geschmackssinn Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

    Harnkontinenz Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Schlucken von Speisen oder Getränken Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Wortfindung beim Sprechen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

3. Kognitive Aspekte (Denken) 

 

Geistige Erschöpfung 
(d. h. Müdigkeit bei geistigen Aufgaben) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Kurzzeitgedächtnis Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Langzeitgedächtnis 
(d. h. sich an Ereignisse erinnern, die mehrere Jahre 

zurückliegen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Eine neue Fertigkeit erlernen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Konzentration Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 

 

Ablenkbarkeit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 
Veränderung 

n. z. 
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Multitasking 
(d. h. zwei oder mehr Dinge gleichzeitig tun) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Sich an die Namen vertrauter Personen 
erinnern 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Gesichter erkennen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Fähigkeit, in einem Gespräch den eigenen 
Standpunkt zu vermitteln 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Fähigkeit, in Diskussionen mit anderen 
Kompromisse zu schließen 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Fähigkeit, Gefahren zu erkennen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Orientierungsvermögen 
(z. B. sich verlaufen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

 

4. Verhaltensbezogene/psychologische Aspekte 
 

Niedergeschlagenheit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Stimmungsschwankungen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

 

Intensität der Gefühle (Emotionen) Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

 
 
 

 

Fähigkeit, die eigenen Reaktionen zu kontrollieren Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Reizbarkeit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Besorgtheit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Angstgefühle Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Gefühle von Paranoia 

(das Gefühl, verfolgt zu werden) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Innere Unruhe (Agitiertheit) Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Leicht zum Weinen bzw. zum Lachen zu 
bringen 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Selbstvertrauen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Wahrnehmung der Gedanken, Gefühle 
und/oder 

Bedürfnisse anderer Menschen 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Motivation Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Sich in neuen Umgebungen wohlfühlen Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Teilnahmslosigkeit Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 

 

Ruhelosigkeit 
(Unfähigkeit stillzustehen) 

Keine 
Veränderung 

Mäßige 
Veränderung 

Große bzw. 
deutliche 

Veränderung 

n. z. 
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Supplementary tables and figures:  

 

Supplementary Table 1. Descriptive statistics of the German Version of the 

Subarachnoid Haemorrhage Outcome Tool (aneurysmal cases only; n=73) 

 

 Items Mean 
( SD) 

Median IQR Range Skew- 
ness 

% 
score 0 

% 
score 2 

Mean inter-
item 
correlation 

4 domains  
 

        

  Social 14 1.03 
(0.84) 

1 1.25 0-2 -0.06 2.7 4.1 0.53 

  Physical 13 1.31 
(0.79) 

2 2 0-2 -0.62 0 6.8 0.27 

  Cognitive 13 1.28 
(0.77) 

1 1 0-2 -0.53 1.3 4.1 0.46 

  Emotional 16 1.36 
(0.77) 

2 2 0-2 -0.71 0 0 0.38 

Total 
SAHOT 

56 1.21 
(0.81) 

1 1 0-2 -0.40 0 0 0.36 

 

IQR, Interquartile Range 

% score 0, percentage of lowest possible score 

% score 2, percentage of highest possible score 

SAHOT, Subarachnoid Haemorrhage Outcome Tool 
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Supplementary Table 2. Reliability - Internal consistency and test-retest reliability 

(aneurysmal cases only) 

 

SAHOT Domain No. of Items Cronbach`s α 

(n=73) 
Intraclass correlation 
coefficient (n=54) 

Social 14 0.94 0.87 

Physical 13 0.83 0.87 

Cognitive 13 0.92 0.86 

Emotional 16 0.92 0.84 

SAHOT Total 56 0.97 0.86 

 

SD: standard deviation 
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Supplementary Figure 1. Scree plot illustrates Eigenvalues for each factor of the 

German version of the subarachnoid haemorrhage outcome tool. 
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Supplementary Table 3. Construct validity (aneurysmal cases only) 

 

SAHOT Domain Measure Pearson correlation (n=70) 

General/ social roles QOLIBRI 

EQ-5D 

-0.35* 

  0.64** 

Physical QOLIBRI 

EQ-5D Mobility 

EQ-5D Pain 

-0.64** 

 0.72** 

 0.48** 

Cognitive QOLIBRI -0.72** 

Emotional HADS 

QOLIBRI 

EQ-5D 

0.73* 

-0.39** 

 0.62** 

SAHOT Total QOLIBRI 

EQ-5D 

EQ VAS 

mRS 

GOSE 

-0.76** 

 0.79** 

-0.63** 

 0.51** 

-0.52** 

 

SAHOT: Subarachnoid Haemorrhage Outcome Tool 

QOLIBRI: Quality of Life After Brain Injury scale 

HADS: Hospital Anxiety and Depression Scale 

EQ-5D:  EuroQol Quality of Life Scale-5D 

EQ VAS: EuroQol Visual Analogue Scale 

mRS: modified Rankin Scale 

GOSE: extended version of the Glasgow Outcome Scale 

** p < 0.01 

*  p < 0.05 
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Supplementary Table 4. Responsiveness – Subarachnoid haemorrhage outcome 

measures (aneurysmal cases only) 

 

Measure Discharge 
score: median 

(range) 

3 month score: 
median (range) 

P Effect size 
(n=28) 

4 domains 

Social  

Physical 

cognitive 

emotional 

 
Raw total score 
SAHOT  

 

     20 (1-28) 

21 (11-26) 

22 (12-26) 

27 (16-31) 

 

 87 (52-111) 

 

13 (0-28) 

17 (1-26) 

20 (0-26) 

24 (2-31) 

 

71 (2-111) 

 

0.007 

0.039 

0.134 

0.125 

 

0.012 

 

-0.76 

-0.57 

-0.41 

-0.42 

 

-0.69 

Ordinal SAHOT 7 (5-8) 6 (1-8) 0.036 -0.57 

mRS 2 (0-5) 1.5 (0-5) 0.072 -0.41 

GOSE 6 (3-8) 6.5 (3-8) 0.181 0.30 

 

SAHOT: Subarachnoid Haemorrhage Outcome Tool 

mRS: modified Rankin Scale 

GOSE: extended version of the Glasgow Outcome Scale 
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