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ABSTRACT

Background: A few studies have found an inverse association between hospital 

patient volume and case-fatality among stroke patients.  However, the different stroke 

categorizations used in these studies might have influenced the findings. Furthermore, 

the relevance of the association observed remains questionable given that the relatively 

small magnitude may not support volume-based referral policies. We re-examined this 

association in a large nationwide study, paying attention to the influence of volume 

categorizations. 

Methods: Applying multilevel logistic regression, we re-examined the relationship 

between hospital stroke volume and seven-day case-fatality using admissions data 

obtained from Statistics Netherlands on 73,077 stroke patients for the years 2000 to 

2004. Different cut-offs were used to categorize hospitals in volume groups. We also 

examined the implications of a volume based referral strategy.

Results: Stroke patients in high-volume hospitals had decreased risk of dying within seven 

days of admission even when different hospital categorizations are applied. For instance, 

the odds ratio was 0.45 (95% CI 0.20 – 0.99) in high-volume (>200 case-volume) versus 

low-volume (<50 case-volume) hospitals but 0.89 (95% CI 0.79 – 1.00) in high-volume 

(>250 case-volume) versus low-volume (≤250 case-volume) hospitals. Ignoring travel time 

and workload implications, an optimistic volume-based referral policy would save 183 

patients when all patients are referred to the >200 case-volume hospital. A non-transfer 

policy aimed at reducing mortality by 10% in all those hospitals would save 1260 patients. 

Conclusions: Stroke patients in low-volume versus high-volume hospitals have higher 

odds of dying. This finding may not lend itself to a substantial volume-based referral 

strategy.
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INTRODUCTION

Stroke represents a significant cause of mortality in the developed and increasingly in 

the developing world.1-3 The projection is that this will rise in the coming decades.2 

Policies aimed at monitoring and improving the quality of stroke care are of increasing 

importance. Since 2001, six studies have examined the relationship between hospital 

stroke volume and case-fatality for stroke patients (Table 1).4-9 Three of the studies were 

restricted to patients with subarachnoid hemorrhage and the other three to patients 

with ischemic strokes. The studies of subarachnoid hemorrhage had significantly smaller 

admissions per hospital, and cut-offs. The three studies examining ischemic stroke 

patients used different cut-offs to denote their low- and high-volume categories. Overall, 

the results were as mixed as the cut-offs, with four studies demonstrating significant 

inverse associations between hospital stroke volume and case-fatality. Two studies 

observed non-significant associations.

In their review, Murray and Teasdale raised a number of concerns about the quality 

of the evidence for volume-outcome associations in general.10 Aside from case-mix 

concerns, and the effect of clustering of outcomes within hospitals, there were concerns 

regarding volume thresholds, and causation. The potential for bias due to small numbers, 

and thus low variability, in the low-volume groups was also noted. The review concluded 

that volume thresholds influenced the magnitude of associations found in studies and 

that any observed association might be of some policy relevance. Votruba et al went 

further by examining the potential implications of a volume-based referral policy for 

stroke patients concluding that the benefits would be negligible or even harmful due to 

an increase in travel time.11

Currently in the Netherlands, the yearly patient volume of abdominal aortic aneurysm 

(AAA), and esophageal and cardiac resection patients are patient safety indicators in the 

Dutch Healthcare Performance Report.12 The minimum acceptable levels were originally 

in line with the Leapfrog volume recommendations but have been adjusted, as have 

the Leapfrog recommendations,13 over the years. Among stroke patients, studies of 

volume-outcome associations have been equivocal and policy recommendations were 

based on weak and conflicting evidence.14 Using nationwide data on stroke patients in 

the Netherlands, we re-examined the association between the average annual hospital 

stroke volume and case-fatality. We also examined the policy effects of stroke patient 

referral, based on different published volume thresholds.
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METHODS

Setting and Patients

This is an observational study using a retrospective cohort of hospital admissions. 
We obtained data for this study from Statistics Netherlands, which links the medical, 

population, and mortality registers in the Netherlands.15 The Dutch Medical Register (LMR), 

collected since 1964, contains over 99% of hospital admissions in the Netherlands. In 

their paper, de Bruin et al concluded that the linkage, with overall success rates of 87.6%, 

was of sufficient quality to support scientific research.15 The quality and reliability of the 

LMR data and linkage have also been studied and it has formed the base or served as a 

source of information for a number of studies.16-21 The diagnoses were coded according 

to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD 

9-CM). We identified all admissions with a discharge diagnosis of stroke (ICD 9-CM 430 – 

Table 1. Studies examining the association between hospital stroke volume and stroke case-fatality†

Study (Year) Diagnosis Outcome measured Volume category (admissions per year) Patients (n) Hospitals (n) Results OR (95% CI)

Saposnik et al  (2007)
Ischemic stroke only

Seven-day case-fatality Low (<50)
Medium-low (50 – 99)
Medium High (100 – 199)
High (≥200)
Total (N)

5,273
4,722
10,075
6,606
26,676

NR
NR
NR
NR
607

1.00
0.94 (0.78 – 1.13)
0.77 (0.64 – 0.92)
0.66 (0.53 – 0.83)

Male Female

Heuschmann et al (2004)
Ischemic stroke only

In-hospital case-fatality Low (≤250)
High (>250)
Total (N)

NR
NR

10,800

76
28
104

1.00
0.7 (0.6 - 1.0)

1.00
1.0 (0.8 - 1.2)

Johnston SC (2003)
SAH only

In-hospital case-fatality Volume modeled as a continuous variable. OR for 
every 10 patient increase in volume
Total (N)

NA

9,354

NA

70

0.99 (0.96 – 1.03)

Cross et al (2003) 
SAH only

In-hospital case-fatality Low (1 – 9)
Medium-low (10 – 18)
Medium-high (19 – 35)
High (36 – 158)
Total (N)

2,268
2,235
2,482
2,305
9,290

834
236
268
84

1,312

1.4 (1.2 – 1.6)
1.3 (1.1 – 1.6)
1.1 (0.98 – 1.3)

1.00 

Bardach et al (2002)
SAH only

In-hospital case-fatality Low (0-8)
Medium-low 
Medium-high
High (19 – 70)
Total (N)

3,154
3,322
3,207
3,121

12,084

262
62
39
27

390

1.00
0.78 (0.70 – 0.88)
0.75 (0.64 – 0.87)
0.58 (0.49 – 0.68)

Reed et al (2001)
Ischemic stroke only 

In-hospital case-fatality Low (<100)
Medium (100 – 299)
High (≥300)
Total (N)

NR
NR
NR

23,058

83
47
7

137

1.00
0.93 (0.76 – 1.14)
0.93 (0.67 – 1.29)

†Volume categories in bold displayed statistically significant differences from the reference group, NR = 
Not reported, NA = Not applicable, SAH = Subarachnoid hemorrhage, OR = Odds ratio, 95% CI = 95% 
Confidence Interval
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434 and 436), in the five years from January 1, 2000 to December 31, 2004. Three stroke 

subtypes were defined: subarachnoid hemorrhage (ICD 9-CM 430), other intracranial 

bleeds (ICD 9-CM 431, 432), and ischemic (ICD 9-CM 433, 434 and 436).22 We excluded 

patients who were younger than 50 or older than 100 years at the time of diagnosis, 

had missing data, were transferred to another hospital, or could not be followed in the 

database. Readmissions to the same hospital within five days of discharge were merged 

with the previous episode and considered a continuous episode of care. Readmissions to 

different hospitals within five days of discharge were considered transfers and both the 

original and second admission were excluded. After graphical assessment, one hospital 

with an outlier volume was excluded.

Outcome

Seven-day case-fatality was defined as a death occurring up to seven days from the day 

of admission, counting the day of admission as day one. Thirty-day case-fatality was 

Table 1. Studies examining the association between hospital stroke volume and stroke case-fatality†
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In-hospital case-fatality Volume modeled as a continuous variable. OR for 
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Total (N)
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0.99 (0.96 – 1.03)
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SAH only
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2,268
2,235
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Medium (100 – 299)
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†Volume categories in bold displayed statistically significant differences from the reference group, NR = 
Not reported, NA = Not applicable, SAH = Subarachnoid hemorrhage, OR = Odds ratio, 95% CI = 95% 
Confidence Interval
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defined as a death occurring up to thirty days from the day of admission. The linkage 

with the mortality register allowed us to identify deaths occurring outside the hospital. 

Hospital volume

For each hospital in our dataset, we determined the total number of admissions over 

the five-year study period. In determining this total patient volume for each hospital, 

we included all admissions irrespective of the patients’ age or transfer status, meaning 

some patients were counted in more than one hospital (transfers). This was based on the 

premise that every contact with a stroke patient provided ‘experience’ for the hospital 

concerned. We then calculated the average annual number of admissions by dividing 

each hospitals’ total volume by the number of years they reported at least one admission. 

We created volume quartiles of approximately equal numbers of patients. Hospitals were 

divided into low-volume (<162 admissions per year), medium-low (162 – 249 admissions 

per year), medium-high-volume (250 – 353 admissions per year), and high-volume (>353 

patients per year).

We also used volume cut-offs based on the three previous publications relating 

hospital stroke volume to case-fatality among ischemic stroke patients (see table 1). We 

restricted it to the ischemic stroke studies as the other studies presented very low-volume 

cut-offs due to the relatively few subarachnoid hemorrhage admissions in most hospitals.

Covariates

Based on the literature on hospital volume and stroke mortality, we included variables 

expected to influence the outcome and confound the volume-outcome relationship. These 

variables included age on admission, gender, socioeconomic status, type of insurance, 

ethnicity, stroke subtype, urgency, previous stroke, Charlson comorbidity score, time of 

admission, attending physician specialty, hospital teaching status, and hospital location.

The patient level variable age on admission was categorized in 10-year groups from 50 

to 100. Socioeconomic status was based on ranked postal code income data. Insurance 

was either public or private. Ethnicity was defined by country of birth and divided into 

three groups (ethnic Dutch or other westerners, Turks or Moroccans, and Surinamese, 

Antilleans, or other non-westerners).23 Ethnic differences in risk factors, acute care and 

outcomes have been demonstrated in other populations and we suspected they might 

have an influence in the Dutch population.24, 25 Urgent admissions were defined as those 

admissions that were not planned but could not be delayed because care was required. 

Previous stroke was ascertained by looking back the previous five years, until 1 January 

1994 (at which time all patients were at least 45 years old). The prognostic validity of the 

Charlson-Deyo index has been demonstrated in a cohort of ischemic stroke patients.26 

As in that study, we excluded cerebrovascular disease and hemiplegia from the scoring 

system; weights were applied as originally published. Comorbidities were identified by 
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extracting the relevant Charlson index diagnosis codes from the registered primary and 

secondary diagnoses of each patient in the year leading up to and including the index 

stroke admission. The score was categorized as 0, 1 or >1. Time of admission was defined 

either as weekend or weekday based on calendar time. Attending physician specialty was 

defined as either neurologist/neurosurgeon or other specialty.

At the hospital level we included hospital teaching status (academic, top clinical and 

general), hospital location (rural or four different grades of urban based on population 

density) and year of admission to capture advances in treatment protocols or treatments 

themselves. Top clinical hospitals are general hospitals accredited for residency training. 

The degree of urbanization was defined as follows: less than 500 addresses per km2 

were classified as rural, and then four grades of urban, namely 500 to 1000 addresses 

(urban 1), 1000 – 1500 addresses (urban 2), 1500 – 2500 addresses (urban 3), and 

greater than 2500 addresses per km2 (urban 4).

Statistical analysis

We carried out a descriptive analysis of our patient population in the volume quartiles. 

We used chi-square and one-way analysis of variance to test for statistically significant 

differences between the quartiles. Given the hierarchical nature of the data of patients 

nested within hospitals, multilevel logistic regression was used to estimate the effect of 

volume on case-fatality, adjusting for patient and hospital characteristics. The multilevel 

modeling took into account the clustering of outcomes within hospitals and estimated 

the amount of variation in outcomes attributable to between-hospitals differences. The 

low-volume group was designated the reference group in all models.

We built our multilevel model by first modeling our outcome against the volume 

quartiles and then adding the patient level covariates and hospital level covariates. 

For each model, we obtained estimates of the variance attributed to the hospital. The 

variances obtained were used to estimate measures of heterogeneity at the hospital 

level: the intraclass-correlation coefficient (ICC) and the median odds ratio (MOR). The 

ICC is the amount of the variance that can be attributed to the hospital level. The MOR 

expresses the heterogeneity on an odds ratio scale. The MOR represents the median 

increase in odds of dying when two individuals with the same covariates are compared if 

one is admitted to a hospital in a cluster with a lower likelihood of mortality (in this case 

a high-volume hospital).27, 28 It was estimated thus:

where:  is the cluster (hospital-level) variance.

     is the 75th percentile of the cumulative distribution function of the  

normal distribution with mean 0 and variance 1.

 ( )( )75.02exp 12 −×= φσMOR
2σ
( )75.01−φ
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We carried out sensitivity analyses by modeling urgent stroke patients, ischemic 

stroke patients, and first-time stroke patients separately. We carried out this process 

for each volume categorization, the first based on the quartiles derived from the data, 

and the remaining three from cut-offs published in the literature. We also repeated this 

analysis using thirty-day case-fatality as the outcome. All analyses were carried out using 

Stata version 9.2.

To determine the effect of a volume based referral strategy we calculated the 

potential number of avoidable deaths by multiplying the number of deaths in the original 

category (low or medium volume) by the difference in the odds of dying between the 

original category and the high-volume category.29

RESULTS

Our study population consisted of 73,077 admissions out of the 118,946 admission 

recorded in our data set. We excluded 30,273 admissions identified as referrals; 10,109 

admissions for patients outside the set age limits; 4,967 admissions were excluded as 

untraceable in the data, 63 admissions were excluded because of missing data (38 

for insurance status, 21 for socioeconomic status and 4 for ethnicity). Readmissions 

accounted for an additional 455 excluded admissions and 2 admissions were to the 

excluded outlier hospital. Table 2 displays the study population characteristics. The mean 

age on admission was 73 years, and more men (54.1%) than women were admitted. The 

overwhelming majority of the admissions (97.9%) were individuals with an ethnic Dutch 

background. Subarachnoid hemorrhage accounted for 2.9% of cases while ischemic 

strokes accounting for 79.8%. About 78.7% of admissions occurred during weekdays 

and 77% of all admissions were urgent. Approximately 23% of admissions were of 

individuals with comorbidities listed in the Charlson comorbidity index. Diabetes was the 

most commonly encountered, seen in 40% of those with a comorbid illness. This was 

followed by myocardial infarction (19.7%) and chronic obstructive pulmonary disease 

(12.3%).

These admissions were to 114 hospitals (144 separate locations) in the Netherlands. 

Academic medical centers accounted for 7% of these hospitals, top clinical hospitals 

15%, and general hospitals 78%. Eight percent of admissions were to hospitals in rural 

areas. Top clinical hospitals accounted for 64.5% of admission while academic hospitals 

accounted for 10%. Table 3 displays the distribution of admissions and hospitals across 

the different hospital volume categorizations. 

Table 4 presents the unadjusted and adjusted odds ratios (OR), and 95% confidence 

intervals (CI) for seven-day case-fatality. In the quartile categorization, we see no 

significant associations between hospital stroke volume and case-fatality. The volume 

measures based on previous studies present differing associations at various levels. 
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Table 2. Characteristics of study population*

Overall population† n (%)

Number of hospitals in the study 114

Age, Mean (SD) 73.1 (10.4)

Gender, Male 39,553 (54.1)

Ethnicity 

   Dutch and westerners 71,534 (97.9)

   Turks and Moroccans 350 (0.5)

   Surinamese, Antilleans, Arubans and other non-westerners 1,193 (1.6)

Urgency of admissions

   Urgent 56,285 (77.0)

   Non-urgent 16,792 (23.0)

Time of admission

   Weekday 57,532 (78.7)

   Weekend 15,545 (21.3)

Insurance

   Private 19,652 (26.9)

   Public 53,425 (73.1)

Attending physician 

   Neurologist/Neurosurgeon 62,816 (86.0)

   Other Specialty 10,261 (14.0)

Stroke subtype

   Subarachnoid hemorrhage 2,094 (2.9)

   Other intracranial bleeds 12,631 (17.3)

   Ischemic Stroke 58,352 (79.8)

Charlson comorbidity score 

   Score 0 56,491 (77.3)

   Score 1 10,126 (13.9)

   Score >1 6,460 (8.8)

Previous stroke 10,300 (14.1)

Length of stay

   1 – 14 days 53,712 (73.5)

   15 – 30 days 13,448 (18.4)

   > 30 days 5,917 (8.1)

Discharges by year 

2000 13,951 (19.1)

2001 14,100 (19.3)

2002 14,700 (20.1)

2003 14,863 (20.3)

2004 15,463 (21.2)
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The most striking is in the categorization based on Saposnik et al,9 OR 0.45 (95% CI 

0.20 – 0.99) in the high- versus low-volume hospitals. The volume categories based on  

Heuschmann et al6 showed a significant association, while that of Reed et al8 showed no 

significant association in the high- versus low-volume hospitals, OR 0.89 (95% CI 0.79 – 

1.00) and OR 0.85 (95% CI 0.71 – 1.02) respectively. 

The results of the sensitivity analyses modeling urgent patients, ischemic stroke 

patients and first time stroke patients separately did not differ significantly from the main 

analysis (See table A1 – Appendix 1), though they displayed wider confidence intervals. 

The full models for seven-day case-fatality, for all categorizations with all covariates are 

shown in tables A2 – A5 (Appendix 1). The full models for thirty-day case-fatality, for all 

categorizations are shown in tables A6 – A9 (Appendix 1).

An examination of the measures of heterogeneity for all our models (demonstrated 

in table 4) shows intraclass correlation coefficients (ICC) of 0.016, 0.016, 0.016 and 

0.015 for the volume measures based on quartiles, Saposnik et al, Heuschmann et al and 

Reed et al respectively. This implies that 1.6%, 1.6%, 1.6% and 1.5% of the variation is 

attributed to the hospital level. Similarly, the median odds ratios (MOR) were 1.25, 1.25, 

1.25, and 1.23.

In table 5, the effect of a volume-based referral strategy versus an across the board 

10% reduction in mortality (via say, quality improvement) are projected for the different 

volume categorizations used. Using the estimates from the quartile categorization, 886 

deaths could be potentially avoided by a volume based referral strategy. Alternatively, 

a 10% reduction in mortality in all hospital volume categories would potentially avoid 

1,263 deaths. Using the categorizations based on Saposnik et al, Heuschmann et al, 

Table 2. Characteristics of study population* (cont.)

Overall population† n (%)

Discharges by hospital teaching status 

   General hospital 18,603 (25.5)

   Top Clinical hospital 47,118 (64.5)

   Academic Medical Center 7,356 (10.1)

Discharges by hospital location††

   Rural 5,880 (8.0)

   Urban 1 2,259 (3.1)

   Urban 2 9,332 (12.8)

   Urban 3 32,908 (45.0)

   Urban 4 22,698 (31.1)

Observed Seven-day case-fatality (%) 17.3

Observed Thirty-day case-fatality (%) 26.0

*Total Sample N= 73,077, †Percentages represent proportion of total sample, †† Rural <500 addresses/
km2; Urban 1: 500 – 1000 addresses/ km2; Urban 2: 1000 – 1500 addresses/km2; Urban 3: 1500 – 2500 
addresses/km2 and Urban 4: >2500 addresses/km2
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Table 3. Distribution of study patients and hospitals using different volume categorizations*

Volume categorizations Number of patients n (%)
Total N = 73,077

Number of hospitals n (%)
Total N = 114

Based on Quartile 

   Low (<162) 18,779 (25.7) 52 (45.6)

   Medium low (162 – 249)   17,785 (24.3) 30 (26.3)

   Medium high (250 – 353) 18,796 (25.7) 18 (15.8)

   High (>353) 17,717 (24.2) 14 (12.3)

Based on Saposnik et al 

   Low (<50) 47 (0.1) 2 (1.8)

   Medium low (50 – 99) 4,342 (5.9) 16 (14.0)

   Medium high (100 – 199) 21,582 (29.5) 47 (41.2)

   High (≥200) 47,106 (64.5) 49 (43.0)

Based on Heuschmann et al 

   Low (≤250) 37,570 (51.4) 83 (72.8)

   High (≥250) 35,507 (48.6) 31 (27.2)

Based on Reed et al 

   Low (<100) 4,389 (6.0) 18 (15.8)

   Medium  (100 – 299) 39,399 (53.9) 72 (63.2)

   High (≥300) 29,289 (40.1) 24 (21.1)

 *Percentages represent proportion of total population (N)

and Reed et al the estimated numbers of avoidable deaths from a volume based referral 

strategy are 183, 773, and 1,421 respectively. Alternatively, a 10% reduction in mortality 

in all quartiles would potentially avoid 1,260, 1,260, and 1,291 deaths for the same 

categorizations respectively. 

DISCUSSION

This study revisits the relationship of hospital stroke volume and seven-day case-fatality 

using a large nationwide dataset and appropriate multilevel techniques. It examines the 

impact of the varying thresholds used so far in other studies and quantifies the remaining 

influence of hospital level factors on the variation in case-fatality. We observe that at lower 

volume cut-offs a consistent inverse relationship exists between hospital stroke volume 

and seven-day case-fatality. Even after adjusting for numerous characteristics, between 

1.5% and 1.6% of the variation was attributed to differences between hospitals. The 

MOR represents this as an increase in the seven-day case-fatality odds of 23% - 25%, if a 

patient had been admitted into a low-volume hospital instead of a high-volume hospital. 
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The limitations of our study included inaccurate data regarding stroke units, severity 

of stroke, and as expected for an administrative database the absence of clinical data 

(e.g. treatment received) on each case. As at 2003, most hospitals in the Netherlands 

had stroke units or were part of a stroke service. The inclusion in the database of a code 

differentiating urgent from non-urgent admissions goes some way in assessing severity  

improving the case mix adjustment usually insufficient in administrative databases. 

Table 4. Unadjusted and fully adjusted odds ratios showing the effect of average annual hospital stroke 
volume of seven-day case-fatality

Volume category† Unadjusted  OR (95% CI) Fully adjusted†† OR (95% CI)

Based on Quartiles

Low (<162) 1.00 1.00

Medium low (162 – 249) 0.94 (0.82 – 1.09) 0.96 (0.84 – 1.09)

Medium high (250 – 353) 0.80 (0.68 – 0.94) 0.88 (0.75 – 1.02)

High (>353) 0.81 (0.67 – 0.97) 0.86 (0.72 – 1.02)

ICC 0.025 0.016

MOR 1.32 1.25

Based on Saposnik et al

Low (<50) 1.00 1.00

Medium low (50 – 99) 0.47 (0.22 – 1.03) 0.47 (0.21 – 1.04)

Medium high (100 – 199) 0.48 (0.22 – 1.05) 0.49 (0.22 – 1.09)

High (≥200) 0.42 (0.19 – 0.91) 0.45 (0.20 – 0.99)

ICC 0.026 0.016

MOR 1.33 1.25

Based on Heuschmann et al

Low (≤250) 1.00 1.00

High (>250) 0.81 (0.72 – 0.92) 0.89 (0.79 – 1.00)

ICC 0.025 0.016

MOR 1.32 1.25

Based on Reed et al

Low (<100) 1.00 1.00

Medium  (100 – 299) 0.99 (0.83 – 1.18) 1.02 (0.87 – 1.19)

High (≥300) 0.77 (0.63 – 0.94) 0.85 (0.71 – 1.02)

ICC 0.024 0.015

MOR 1.32 1.23

† All volume categories with the exception of that based on quartiles use cut-offs published in the 
corresponding papers; ††  Adjusted for age on admission, gender, socioeconomic status, type of insurance, 
ethnicity, stroke subtype, urgency, previous stroke, Charlson comorbidity score, time of admission, attending 
physician specialty, hospital teaching status, and hospital location; ICC = Intraclass Correlation coefficient, 
MOR = Median Odds Ratio, OR = Odds ratio, 95% CI = 95% Confidence Interval
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Underreporting of comorbidities in the dataset is mitigated by the increased likelihood 

of reporting those included in the Charlson index, given their impact on management.  

Transfers of stroke patients between hospitals in the Netherlands are limited.30 However, 

referral bias was addressed by excluding all cases transferred between hospitals. Time to 

treatment is known to influence treatment options available and thus stroke outcomes 

but individual data is not available in our database.31, 32 However, the Dutch National 

Healthcare Performance report 2008 indicates that only 0.6% of the population would 

be unable to reach a hospital within 30 minutes.12 The absence of the fifth digit of the 

ICD coding hampers case identification (for ICD codes 433 and 434), but this is not 

expected to bias the result in a specific direction as there is no expectation that this is 

unequally distributed across hospitals.

Typically, in volume-outcome studies, the patient population is divided into 
approximately equal number of patients and either the high- or low-volume category is 

chosen as the reference group.33 The previous studies involving stroke patients, with the 

exception of Heuschmann et al,6 have followed a similar procedure. Heuschmann et al6 

determined his cut-off using another technique. We employed the typical procedure in 

our study population and observed no significant association between hospital volume 

and seven-day case-fatality. However, we should note that when we compare the cut-offs 

derived from this procedure to those published in other studies, we observe that our 

low-volume category encompasses almost the first three lowest categories defined by 

Saposnik et al,9 and lowest 1½ categories defined by Reed et al.8 When we applied these 

published cut-offs to our data we observed a consistent inverse association between 

hospital volume and seven-day case-fatality.  The relatively high case-fatality odds when 

volume categorization is based on Saposnik et al9 are striking. Murray and Teasdale10 

mentioned the potential for bias due to small numbers in the low-volume category which 

we see when using the categories based on Saposnik et al (see table 3), but this cannot 

be said for the other volume categorizations. The results from applying these alternative 

volume categorizations to our data agree with the results from the original studies.

In outcomes research, debate continues over the appropriateness of different 

measures. However, as pointed out in a study on quality in stroke care, the choice of a 

measure or outcome should be determined by the nature of the information required.34 

Seven-day mortality represents the effects of immediate treatment after taking into 

account the severity of the condition. Mortality is highest during this period with survival 

followed by varying degrees of morbidity. Case-fatality increased by 8.7% between day 

seven and day thirty. A wider range of factors that might cloud the association with 

hospital experience may affect the thirty-day and longer case-fatality models. However, 

the results of the thirty-day case-fatality model did not differ significantly from the 

seven-day mortality model (See tables A6 – A9 - Appendix 1).

Votruba et al modeled stroke as a continuous variable and examined the effect of a 

volume based referral strategy.11 He concluded the potential benefit from such a policy 
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would be lost because of the increase in mortality resulting from prolonged travel times. 

Our analysis of volume-based referral strategy (see table 5) was optimistic. The estimates 

did not take into account the deleterious effects of increased travel time or burden on 

the resources of the high-volume hospitals. A policy aimed at reducing mortality in all 

hospitals by 10% would avoid 1,260 to 1,291 deaths per year, and not be affected by 

travel time. We believe that increasing volume or redirecting patients is not the answer to 

this volume-associated disparity. 

Our study indicates that approximately 2% of the variation in seven-day case-fatality is 

attributable to characteristics or processes related to the hospitals. When we consider the 

variance on an odds ratio scale, using the median odds ratio, it is interpreted as follows. If 

two patients with the same characteristics presented, one at a low-volume hospital and 

the other at a high-volume hospital, the patient at the low-volume hospital would have 

about a 23% increase in the odds of dying within seven-days. This study does not provide 

clear-cut answers to the question of why this association exists. However, it points in the 

direction of structural or procedural differences between high- and low-volume hospitals. 

We can only theorize looking at factors such as the experience at the point of first 

patient contact or the adherence to, or absence/presence of comprehensive protocols 

in low-volume hospitals. Saposnik et al have gone on in a recent paper to explore the 

relationship between socioeconomic status and low-volume hospitals exploring one 

of the pathways through which this association might be explained.35 A recent study 

highlighted the importance of adjusting for patient characteristics and points out that 

residual variation in stroke outcomes exists between hospitals.36 A comprehensive 

approach to discovering factors/practices associated with low-volume hospitals may shed 

light on other pathways providing targets for quality improvement measures.

This study was drawn from virtually the entire population of the Netherlands. This is 

an advantage over some studies restricted to regional or state populations. It covers all 

categories of hospitals, in rural and urban locations. The hierarchical modeling employed 

not only adjusts for clustering but the apportioning of variance between the levels adds 

additional information to the debate and significance of the various factors. The inclusion 

of all categories of stroke represents a situation closer to reality as a definitive diagnosis 

of ischemic or hemorrhagic, is not made before admission. Thus, diagnosis specific 

performance information is less useful to policy makers. 

The categorizations applied affected the relationship between case-fatality and 

hospital stroke volume, but there appears to be a survival differential between low- 

and high-volume hospitals. A volume based referral policy may not produce the desired 

effect but the association exists and stroke mortality may be reduced by identifying the 

pathways that mediate it.
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Table 5. Effects of a volume-based referral strategy on mortality

Characteristic Volume Categorization
 

Total number of 
potentially avoidable 

deaths††† 

 Based on quartiles

Case-volume <162 162 – 249 250 – 353 >353 

Number of hospitals 52 30 18 14

Total number of patients 18,779 17,785 18,796 17,717

Seven-day mortality (%) 18.8 18.7 15.7 15.9

Odds ratio 1.00 0.96 0.88 0.86

Volume-based referral policy† 494 333 59 - 886

10% reduction in mortality†† 353 333 295 282 1,263

Based on Saposnik et al

Case-volume <50 50 – 99 100 – 199 ≥200 

Number of hospitals 2 16 47 49

Total number of patients 47 4,342 21,582 47,106

Seven-day mortality (%) 29.8 18.4 18.4 16.6

Odds ratio 1.00 0.47 0.49 0.45

Volume-based referral policy† 8 16 159 - 183

10% reduction in mortality†† 1 80 397 782 1,260

Based on Heuschmann et al

Case-volume ≤250 >250 

Number of hospitals 83 31

Total number of patients 37,570 35,507

Seven-day mortality (%) 18.7 15.7

Odds ratio 1.00 0.89

Volume-based referral policy† 773 - 773

10% reduction in mortality†† 703 557 1,260

Based on Reed et al

Case-volume <100 100 – 299 ≥300

Number of hospitals 18 72 24

Total number of patients 4,389 39,399 29,289

Seven-day mortality (%) 18.6 19.4 15.2

Odds ratio 1.00 1.02 0.85

Volume-based referral policy† 122 1,299 - 1,421

10% reduction in mortality†† 82 764 445 1,291

† This represents the number of hospital deaths avoided by referring patients to the highest volume category 
in each categorization, †† This represents the number of potentially avoidable deaths that would result from 
a policy that reduces mortality by 10% in each category, ††† This represents the total number of potentially 
avoidable deaths based on the volume-based referral and 10% reduction in mortality policies
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APPENDIX 1

Table A1. Sensitivity analysis - Fully adjusted models

Volume categories First-time stroke patients Urgent admissions Ischemic stroke only

Quartiles
   Low (<162) Reference Reference Reference
   Medium low (162 – 249) 0.96 (0.84 – 1.09) 0.99 (0.88 – 1.12) 0.92 (0.79 – 1.07)
   Medium high (250 – 353) 0.90 (0.77 – 1.06) 0.90 (0.78 – 1.05) 0.85 (0.71 – 1.02)
   High (>353) 0.87 (0.73 – 1.03) 0.87 (0.74 – 1.03) 0.79 (0.65 – 0.97)
Saposnik et al classification
   Low (<50) Reference Reference Reference
   Medium low (50 – 99) 0.45 (0.20 – 1.02) 0.38 (0.16 – 0.86) 0.41 (0.16 – 1.03)
   Medium high (100 – 199) 0.48 (0.22 – 1.06) 0.41 (0.18 – 0.92) 0.42 (0.17 – 1.04)
   High (>200) 0.44 (0.20 – 0.98) 0.37 (0.16 – 0.85) 0.38 (0.15 – 0.95)
Heuschmann et al classification
   Low (<250) Reference Reference Reference
   High (≥250) 0.91 (0.80 – 1.02) 0.89 (0.79 – 1.00) 0.86 (0.75 – 0.99)
Reed et al classification
   Low (<100) Reference Reference Reference
   Medium  (100 – 299) 1.02 (0.87 – 1.19) 1.04 (0.89 – 1.21) 0.99 (0.82 – 1.19)
   High (≥300) 0.87 (0.72 – 1.05) 0.87 (0.72 – 1.04) 0.81 (0.64 – 1.00)
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Table A2. Seven-day case fatality - Quartiles of hospital volume

Unadjusted Adjusted

Quartiles
   Low volume Reference Reference
   Medium-low volume 0.94 (0.82 – 1.09) 0.96 (0.84 – 1.09)
   Medium-high volume 0.80 (0.68 – 0.94) 0.88 (0.75 – 1.02)
   High volume 0.81 (0.67 – 0.97) 0.86 (0.72 – 1.02)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.15 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.02 (0.86 – 1.10)
Urgency
   Urgent 0.25 (0.23 – 0.27)
   Non-urgent Reference
Time of admission
   Weekday 0.75 (0.72 – 0.29)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 1.00 (0.90 - 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 
   2000 Reference
   2001 0.99 (0.92 – 1.06)
   2002 1.00 (0.93 – 1.07)
   2003 0.91 (0.84 – 0.97)
   2004 0.87 (0.81 – 0.93)
Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.93 (0.82 – 1.06)
   General 1.10 (0.90 – 1.33)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.71 – 1.30)
   Urban 2 0.95 (0.76 – 1.20)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.91 (0.74 – 1.10)
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Table A3. Seven-day case fatality - Volume based on Saposnik et al

Unadjusted Adjusted

Based on Saposnik et al
   Low volume Reference Reference
   Medium-low volume 0.47 (0.22 – 1.03) 0.47 (0.21 – 1.04)
   Medium-high volume 0.48 (0.22 – 1.05) 0.49 (0.22 – 1.09)
   High volume 0.42 (0.19 – 0.91) 0.45 (0.20 – 0.99)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.60 – 0.74)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.03 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.76 (0.70 – 0.81)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.85 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.81 – 1.04)
   General 1.06 (0.87 – 1.29)
Hospital location
   Rural Reference
   Urban 1 0.92 (0.68 – 1.25)
   Urban 2 0.92 (0.73 – 1.15)
   Urban 3 1.03 (0.85 – 1.25)
   Urban 4 0.89 (0.73 – 1.09)
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Table A4. Seven-day case fatality - Volume based on Heuschmann et al

Unadjusted Adjusted

Based on Heuschmann et al
   Low volume Reference Reference
   High volume 0.81 (0.72 – 0.92) 0.88 (0.79 – 0.96)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.25 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.02 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 1.00 (0.89 – 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.84 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.82 – 1.05)
   General 1.09 (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.71 – 1.30)
   Urban 2 0.96 (0.77 – 1.20)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.91 (0.75 – 1.10)
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Table A5. Seven-day case fatality - Volume based on Reed et al

Unadjusted Adjusted

Based on Reed et al
   Low volume Reference Reference
   Medium volume 0.99 (0.83 – 1.18) 1.02 (0.87 – 1.19)
   High volume 0.77 (0.63 – 0.94) 0.85 (0.71 – 1.02)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.03 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.99 (0.90 – 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.84 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.82 – 1.05)
   General 1.09  (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.72 – 1.29)
   Urban 2 0.95 (0.77 – 1.19)
   Urban 3 1.04 (0.87 – 1.25)
   Urban 4 0.91 (0.75 – 1.09)
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Table A6. Thirty-day case fatality - Quartiles of hospital volume
Unadjusted Adjusted

Quartiles
   Low volume Reference Reference
   Medium-low volume 0.91 (0.80 – 1.05) 0.90 (0.79 – 1.02)
   Medium-high volume 0.74 (0.63 – 0.87) 0.78 (0.67 – 0.91)
   High volume 0.75 (0.63 – 0.90) 0.79 (0.66 – 0.94)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.21)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.80 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Discharges by year 
   2000 Reference
   2001 0.97 (0.91 – 1.03)
   2002 0.89 (0.83 – 0.94)
   2003 0.76 (0.71 – 0.80)
   2004 0.69 (0.65 – 0.74)
Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.93 (0.82 – 1.05)
   General 1.10 (0.90 – 1.34)
Hospital location
   Rural Reference
   Urban 1 0.94 (0.69 – 1.28)
   Urban 2 0.94 (0.74 – 1.18)
   Urban 3 1.04 (0.86 – 1.26)
   Urban 4 0.86 (0.71 – 1.06)
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Table A7. Thirty-day case fatality - Volume based on Saposnik et al
Unadjusted Adjusted

Based on Saposnik et al
   Low volume Reference Reference
   Medium-low volume 0.50 (0.24 – 1.04) 0.45 (0.20 – 1.02)
   Medium-high volume 0.50 (0.24 – 1.04) 0.48 (0.21 – 1.06)
   High volume 0.42 (0.20 – 0.88) 0.42 (0.19 – 0.93)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.21)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference

   Turks and Moroccans 1.09 (0.81 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.24 (0.23 – 0.26)
Discharges by year 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.70 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.89 (0.79 – 1.01)
   General 1.04 (0.85 – 1.28)
Hospital location
   Rural Reference
   Urban 1 0.90 (0.66 – 1.24)
   Urban 2 0.91 (0.71 – 1.15)
   Urban 3 1.01 (0.83 – 1.23)
   Urban 4 0.86 (0.70 – 1.06)
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Table A8. Thirty-day case fatality - Volume based on Heuschmann et al
Unadjusted Adjusted

Based on Heuschmann et al
   Low volume Reference Reference
   High volume 0.77 (0.68 – 0.87) 0.82 (0.73 – 0.93)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.20)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.15)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.80 – 0.87)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Discharges by year 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.69 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.91 (0.80 – 1.03)
   General 1.08 (0.88 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.70 – 1.30)
   Urban 2 0.96 (0.70 – 1.21)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.88 (0.72 – 1.08)
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Table A9. Thirty-day case fatality - Volume based on Reed et al
Unadjusted Adjusted

Based on Reed et al
   Low volume Reference Reference
   Medium volume 0.96 (0.82 – 1.14) 1.01 (0.86 – 1.18)
   High volume 0.72 (0.60 – 0.87) 0.79 (0.66 – 0.96)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.20)
   80 – 89 years 0.43 (0.39 – 0.48 )
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.81 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.20 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.65 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Year of discharge 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.69 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.91 (0.81 – 1.03)
   General 1.08 (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.95 (0.71 – 1.29)
   Urban 2 0.96 (0.91 – 1.03)
   Urban 3 1.03 (0.85 – 1.24)
   Urban 4 0.88 (0.72 – 1.07)
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