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Abstract

Background and purpose

Patient outcome is often used as an indicator of quality of hospital care. The aim of this study
is to investigate whether there is a straightforward relationship between quality of care and
outcome and whether outcome measures could be used to assess quality of care after
stroke.

Methods

In 10 centers in the Netherlands, 579 patients with acute stroke were prospectively and
consecutively enrolled. Poor outcome was defined as a score on the modified Rankin scale
23 at 1 year. Quality of the care was assessed by relating diagnostic, therapeutic and
preventive procedures to indication. Multiple logistic regression models were used to
compare observed proportions of patients with poor outcome with expected proportions, after
adjustment for patient characteristics and quality of care parameters.

Results

271 (47%) patients were dead or disabled at 1 year. Poor outcome varied across the centers
from 29% to 78%. Large differences between centers were also observed in clinical
characteristics, prognostic factors and quality of care. For example, between hospital
guartiles based on outcome, age =70 varied from 50% to 65%, presence of vascular risk
factors from 88% to 96%, intravenous fluids when indicated from 35% to 81%, and
antihypertensive therapy when indicated from 60% to 85%. The largest part of variation in
patient outcome between centers was explained by differences in patient characteristics
(Akaike’s Information Criterion (AIC) = 134.0). Quality of care parameters explained a small
part of the variation in patient outcome (AIC = 5.5).

Conclusions

Patient outcome after stroke varies largely between centers and is for a substantial part
explained by differences in patient characteristics at time of hospital admission. Only a small
part of the hospital variation in patient outcome is related to differences in quality of care.
Unadjusted proportions of poor outcome after stroke are not valid as indicators of quality of
care.
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Introduction

Assessment of quality of care is becoming more and more important in medical practice.
Donabedian has argued that quality in health care can be viewed as a function of three
components: structure, process and outcome.* The first scientific forum of the American
Heart Association and the American College of Cardiology on assessment of health care
quality in cardiovascular disease and stroke has elaborated this framework for stroke care.?
They proposed series of possible performance measures in the three different domains,
based on the existing guidelines for stroke.

Despite this suggestion, quality of care in stroke is still often evaluated by use of outcome
measures, usually (standardized) mortality rates on hospital level.

Outcome assessment is generally easier than assessment of process measures, and it is
often assumed that outcome measures reflect the relative importance of the different aspects
of the care process, which makes them most relevant for patients. Those in favour of process
indicators often express doubt about whether outcome really reflects quality of care since
outcome largely depends on patient characteristics. Furthermore, flaws in care and well-
performed care may cancel each other, and may not be reflected in overall outcome. This
problem of outweighing good and bad performance becomes even larger in analyses on
hospital level, as these also averages quality scores of individual patients.®*

Several studies have investigated the validity and feasibility of outcome data as indicators of
quality of stroke care, with diverging results and conclusions, mostly due to limited
information on the quality of care process.>® For this study, data were derived from the
Netherlands Stroke Survey, in which detailed data on both patient characteristics and
process of care are available. Therefore this survey offers a unique opportunity to investigate
whether there is a straightforward relationship between quality of care and outcome and
whether outcome measures could be used to assess quality of care after stroke.
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Methods

Study Population

The Netherlands Stroke survey was conducted in 10 centers in The Netherlands: 2 in the
North, 4 in the Middle, and 4 in the Southern regions. The participating sites comprised 1
small (<400 beds), 4 intermediate (400 to 800 beds) and 5 large centres (>800 beds). Two
centres were University hospitals. All centres had a neurology department, a neurologist with
expertise in stroke, and a multidisciplinary stroke team. All but one hospital had a stroke unit,
8 were participating in a regional stroke service, and 9 were equipped for thrombolytic
therapy. These institutions deliver care to approximately 10% of all acute stroke patients in
The Netherlands, and their size and stroke expertise can be considered representative of
hospital-based stroke care in the Netherlands.®

All patients who were admitted to the neurology department with suspected acute stroke
between October 2002 and May 2003 were screened. Patients were enrolled consecutively
and prospectively if the initial diagnosis of first or recurrent acute brain ischemia was
confirmed by the neurologist’'s assessment and if symptom onset was less then 6 months
ago. All patients were admitted to the neurology department and were followed throughout
their hospital stay. All patients or their proxies provided informed consent and the Medical
Ethics Committees and Review Boards of the participating hospitals approved the study.

Data Collection

Trained research assistants collected data from the patients’ hospital charts, within 5 days
after discharge. At 1 year, survival status was obtained through the Civil Registries. In all
survivors a telephonic interview was conducted based on a structured questionnaire, which
was sent in advance. Follow up was complete in 96% of the patients. More details on the
study pgpulation and methods of data collection can be found in an earlier publication on this
survey.

Clinical characteristics and prognostic factors

Stroke subtype (brain infarction, hemorrhagic brain infarction, transient ischemic attack or
amaurosis fugax) was defined by the treating neurologist based on clinical features and brain
imaging (computed tomography (CT) or magnetic resonance imaging (MRI)) data. Previous
stroke was defined present if ischemia of brain or eye or cerebral haemorrhage was noted in
the medical history. Level of consciousness was assessed with the Glasgow Coma Scale,™
and disability in activities of daily living with the Barthel Index.!* Atrial fibrillation and ischemic
heart disease were marked if diagnosed by physical examination or if detected on ECG or if
noted in the patient's medical history. Also peripheral vascular disease, diabetes mellitus,
and hypertension were based on patient’'s medical history, or scored if diagnosed during
hospitalization. Hyperlipidemia was defined present if total serum cholesterol exceeded 5
mmol/L, or if low-density lipoprotein exceeded 3.2 mmol/L or if hyperlipidemia was noted in
the patient’'s medical history. The presence of carotid stenosis 270% was assessed by
carotid imaging.

Quality of care

To measure quality, we distinguished between acute stroke treatment, sub-acute stroke care,
and prevention. Quality of care parameters in acute stroke treatment involved the use of CT
or MR, electrocardiogram (ECG), appropriate laboratory tests, the administration of
acetylsalicylic acid within 48 hours and thrombolytic therapy within 3 hours. Sub-acute care
included the administration of intravenous fluids, swallowing test, percutaneous endoscopic
gastrostomy tube (PEG tube) insertion when indicated, early mobilisation, and early
physiotherapy. Prevention included assessment of risk factors, measurement of serum
cholesterol, carotid endarterectomy within 6 months, antiplatelet therapy, oral anticoagulants,
antihypertensive therapy and cholesterol lowering therapy. These quality of care parameters
and their indications were selected from national guidelines and most of them are also
mentioned in the report from the American Heart Association/American College of Cardiology
on assessment of healthcare quality in cardiovascular disease and stroke.? Each parameter
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was considered present in a certain patient when the diagnostic or therapeutic procedure
was carried out and was indicated, or was not carried out and was not indicated. Otherwise,
the indicator was considered absent. The quality of care parameters have been described
more extensively in an earlier publication of this survey.’

Outcome measures

Poor outcome was defined as dead or disabled at 1 year, i.e. a score on the modified Rankin
scale =3."? Additional outcome measures were dead or disabled at discharge, 30-day
mortality and 1-year mortality.

Statistical analyses

To assess differences between centers in clinical characteristics, prognostic factors, quality
of care parameters and outcome measures, centers were grouped in quartiles based on the
percentage of patients dead or disabled after 1 year. These quartiles were fixed for all further
analyses. P-values were derived from chi square tests for differences between the 10
centers.

We performed stepwise logistic regression analysis with backward elimination of predictors
to construct prediction models for poor outcome. The selection criterion for inclusion was P <
0.157.% In step 1 only clinical characteristics (age, sex and duration of symptoms) were
entered into the model. In step 2, patient-related prognostic factors were added: stroke
severity, consciousness level at hospital arrival, Barthel Index at hospital arrival, previous
stroke, atrial fibrillation, history of ischemic heart disease, peripheral vascular disease,
diabetes mellitus, hypertension, hyperlipidemia, admission glucose = 11 mmol/L, and
independent pre-stroke living arrangement. In step 3, the mentioned quality of care
parameters were added to the model. The main interest was not on the relationship of
individual predictors with outcome but on the predictive strength of the different steps (clinical
characteristics, other patient related factors and quality of care). The contribution of each
step was expressed by Akaike’s Information Criterion (AIC), which corresponds to the x2 of
the step (or the difference in —2 log likelihood between the model with and without that step)
minus 2 times the degrees of freedom.™

The discriminative ability of the model was expressed by the area under the receiver
operating characteristic (ROC) curve. This area represents the probability that, within pairs of
one patient with and one without the outcome, the patient with the higher prediction actually
had the outcome.™

We calculated w scores to estimate the absolute differences in the number of patients with
poor outcome between centers, before and after adjustment for clinical patient
characteristics, prognostic factors, and quality of care parameters.® The w score of a hospital
expresses the difference between the observed and predicted number with poor outcome per
100 patients and is calculated by the formula [(0-p)/n]*100, where o is the observed number
of patients with poor outcome, p the predicted number of patients with poor outcome and n is
the number of patients. For the unadjusted w scores, we derived p at each hospital by
multiplying the number of patients (n) by the proportion patients with poor outcome in the
total population. For the adjusted w scores, we derived p at each hospital by summing the
individual predicted probabilities generated by the logistic regression models.® 95% CI's for
the w scores were calculated using the method described by Parry et al.*® The total variation
between centers was also expressed as the percentage of patients with a different outcome
then expected. We performed all analyses using SPSS 13.0 for Windows and Microsoft
Excel.

Sensitivity analyses

We repeated the logistic regression analysis for three alternative outcome measures: dead or
disabled at discharge, 30-day mortality and 1 year mortality. Furthermore we repeated the
logistic regression analysis by modeling the three steps (clinical characteristics, prognostic
factors and quality of care parameters) in different orders.
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Results

Outcome

The study population consisted of 579 patients who were admitted to the hospital because
of stroke. Of all patients, 59 (10%) died during hospital stay. Of the remaining 520 patients,
206 (39%) were disabled at discharge. At 1 year, 143 patients (25%) were dead and 128 of
the remaining 436 patients (29%) were disabled (modified Rankin scale 3, 4 or 5). So, the
total number of patients with poor outcome at 1 year after stroke was 271 (47%). This
percentage increased from 37% in hospital quartile 1 to 75% in hospital quartile 4. (Figure 1)
For all outcome measures (mortality, disability and composite), both short term (discharge
and 30 days) and 1-year, we observed the same trend across the hospital quartiles.

Clinical characteristics and prognostic factors

Of all patients (n=579), 90% was admitted within 48 hours after symptom onset, and 95%
within 1 week. Mean age was 70.4 (+13.2), 311 patients (54%) were male, the majority of
patients (510, 88%) was diagnosed with brain infarction and 536 patients (93%) had one or
more vascular risk factors. Regarding the symptoms of stroke, 13% of the patients had a
lowered consciousness level and 89% were ADL (Activities of Daily Living) dependent at
hospital admission (Table 1).

Table 1. Variation in clinical characteristics and prognostic factors by hospital

Hospital quartiles based on patient outcome (% Rankin Scale = 3 at 1 year)*

Total | 1 (Lowest) 2 3 4 (Highest) | P value
Number of patients: 579 179 127 101 172 o0dt
Number of centers 10 3 2 2 3
N (%) N (%) N (%) N (%) N (%)
Age 2 70 334 (58) 90 (50) 68 (54) 65 (64) 111 (65) <0.001
Male gender 311 (54) 110 (62) 65 (51) 53 (53) 83 (48) 0.336
Vascular risk factors 536 (93) 131 (93) 121 (95) 97 (96) 152 (88) 0.049
Atrial fibrillation 99 (17) 21 (15) 18 (14) 21 (21) 33(19) 0.619
Ischemic heart disease 116 (20) 31 (17) 24 (19) 20 (20) 41 (24) 0.430
Peripheral vascular disease 57 (10) 15 (8) 13 (10) 11 (11) 18 (11) 0.460
Diabetes Mellitus 119 (21) 36 (20) 26 (21) 17 (17) 40 (23) 0.198
Hypertension 346 (60) 132 (74) 65 (51) 62 (61) 87 (51) <0.001
Hyperlipidemia 335 (58) 99 (53) 88 (69) 65 (64) 83 (48) <0.001
Previous stroke/TIA 144 (25) 43 (24) 31 (24) 28 (28) 42 (24) 0.873
Independent pre-stroke living 513 (89) 163 (92) 112 (88) 89 (88) 149 (87) 0.493
arrangement
Hospital arrival <48 hours 518 (90) 158 (88) 112 (88) 89 (88) 159 (92) 0.936
after symptom onset
Stroke subtype <0.001
Brain infarction 510 (88) 160 (90) 100 (79) 92 (91) 158 (92)
TIA 60 (10) 17 (10) 25 (20) 7(7) 11 (6)
Amaurosis fugax 3(1) 1(2) 1(2) 1(2) 0(0)
Hemorrhagic infarction 6 (1) 1(2) 1(2) 1(2) 3(2)
Severe stroket 92 (16) 27 (15) 15 (12) 21 (21) 29 (17) 0.309
Lowered consciousness level | 75 (13) 9(5) 17 (13) 16 (16) 33(19) 0.010
ADL independent | § 119 (21) 54 (30) 37 (29) 15 (15) 13 (8) <0.001
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Incontinent | § 169 (30) 48 (28) 28 (23) 29 (29) 64 (38) 0.123

Glucose 2 11 mmol/L 57 (10) 19 (11) 12 (10) 4(4) 22 (14) 0.207

*Centers were divided into quartiles based on the percentage of patients that were dead or disabled (Rankin Scale = 3) at 1
year;

1 x? for differences between 10 centers;
I Paresis of arm, leg and face, homonymous hemianopia and aphasia or other cortical function disorder;
|At hospital arrival;

§ Barthel Index=20.

A number of differences in relative frequency of patient characteristics between the hospital
quartiles was observed. Some were moderate, for example the presence of vascular risk
factors, and some were large, for example age =70, lowered consciousness level and ADL
dependency at hospital admission (Table 1).

Quality of care

The majority of the patients received the recommended diagnostic investigations and
medical treatment in the acute phase, with the exception of thrombolytic therapy.
Performance of a 12-lead ECG, provision of acetylsalicylic acid within 48 hours and
thrombolytic therapy differed between the centers (P= 0.045, P<0.001 and P<0.001
respectively), performance of CT/MRI and laboratory tests did not (P=0.494 and P=0.624
respectively) (Table 2).

Table 2. Variation in acute management of ischemic stroke by hospital

Hospital quartiles based on patient outcome (% Rankin Scale = 3 at 1 year)*
Total | 1 (Lowest) 2 3 4 (Highest) | P value

Number of patients: 579 179 127 101 172 0at
Number of centers 10 3 2 2 3
N (%) N (%) N (%) N (%) N (%)

Diagnostic Investigations
CT/MRI 567 (98) 178 (99) 124 (98) 99 (98) 166 (97) 0.494
12- lead ECG 555 (97) 166 (97) 120 (95) 100 (99) 169 (98) 0.045
Laboratory tests 564 (97) 175 (98) 124 (98) 100 (99) 165 (96) 0.624
Medical treatment
Acetylsalicylic acid <48 hours 479 (83) 156 (87) 99 (78) 83 (82) 141 (82) <0.001

In patients without OAC that 393/431 (91) 123/130 (95) 77/86 (90) 72179 (91) 121/136 (89)  0.001

arrived <48 hours £

Thrombolytic therapy 40 (7) 9(5) 9(7) 4(4) 18 (11) <0.001
Sub-acute care

Intravenous fluids |§ 198 (48) 48 (35) 56 (81) 30 (38) 64 (50) <0.001
Swallowing test | 203 (40) 68 (43) 48 (48) 31(34) 55 (35) <0.001
PEG tube insertion |# 7(21) 0 (0) 3(25) 3(38) 1(25) 0.516
Mobilisation on day 1| 121 (24) 42 (26) 38 (38) 30 (33) 11 (7) <0.001

Physiotherapy on day 1 | 106 (21) 51 (32) 28 (28) 13 (14) 14 (9) <0.001
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*Centers were divided into quartiles based on the percentage of patients that were dead or disabled (Rankin Scale = 3) at 1

year;

T x? for differences between 10 centers;
I Oral anticoagulation;

| In patients with brain infarction;

§ In patients without parenteral feeding;

# In patients with swallow problems for more then 2 weeks.

Sub-acute care was less often performed in adherence to national guidelines. Of all 510
patients with a brain infarction 203 (40%) underwent a swallowing test, 121 (24%) were
mobilised on the first day and 106 (21%) had physiotherapy during the first day. Of the 413
patients with brain infarction and no parenteral feeding, 198 (48%) received intravenous
fluids. For all sub-acute process measures differences between centers were observed (P
values <0.001), with the exception of PEG tube insertion.

Performance of secondary prevention varied also considerably between centers. The
proportion of patients that underwent carotid imaging when indicated varied between 33%
and 92% across the centers quartiles (P<0.001). Only 9 of 52 patients (17%) with carotid
stenosis 270% underwent carotid endarterectomy within 6 months. The number of patients
without atrial fibrillation that received antiplatelet therapy was high (93%), but there was still a
significant difference between the centers (P<0.001). The proportion of patients that received
oral anticoagulants and antihypertensive therapy when indicated also differed across centers
(P=0.048 and P=0.029), while laboratory tests and cholesterol lowering therapy in patients
with indication did not (P=0.304 and P=0.085 respectively) (Table 3).

Table 3. Variation in secondary prevention after ischemic stroke by hospital

Hospital quartiles based on patient outcome (% Rankin Scale = 3 at 1 year)*

Total | 1 (Lowest) 2 3 4 (Highest) | P value
Number of patients: 579 179 127 101 172 3t
Number of centers 10 3 2 2 3
N (%) N (%) N (%) N (%) N (%)
Diagnostic investigations
Carotid Imaging 363 (63) 143 (80) 94 (74) 54 (54) 72 (42) <0.001
In patients with indication ¥ 89/115 (77) 45/49 (92) 25/33 (76) 14/18 (78) 5/15 (33) <0.001
Laboratory tests 560 (97) 174 (97) 123 (97) 82 (81) 163 (95) 0.304
Total cholesterol 430 (78) 135 (86) 114 (93) 5(82) 99 (58) <0.001
LDL cholesterol 323(61) 101 (70) 104 (91) 22 (22) 96 (57) <0.001
Glucose 545 (97) 167 (98) 119 (98) 99 (99) 160 (94) 0.001
Treatment
Carotid endarterectomy within 12 (2) 21 6 (5) 1(2) 3(2) 0.124
6 months
In patients with carotid 9/52 (17) 2/20 (10) 3/13 (23) 1/10 (10) 3/9 (33) 0.012
stenosis 2 70%
Antiplatelet therapy 512 (88) 161 (90) 112 (88) 91 (90) 148 (86) 0.004
In patients without AF | 448/480 (93) 146/152(96) 101/109 (93) 76/80 (95) 125/139 (90) <0.001
Oral anticoagulants 94 (16) 31 (18) 25 (20) 14 (14) 24 (14) 0.349
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In patients with AF | 59/99 (60) 19/27 (70) 13/18 (72) 10/21 (48) 17 (52) 0.048
Antihypertensive therapy 330(57) 114 (65) 51 (42) 68 (67) 97 (57) <0.001
In hypertensive patients 258/340 (76) 101/130(78) 37/62 (60) 47162 (76) 73/86 (85) 0.029
Cholesterol lowering therapy 220 (39) 79 (44) 61 (50) 27 (27) 53 (31) <0.001

In patients with indication §  134/187 (72)  46/59 (78) 43/53 (81) 16/33 (55) 27142 (64) 0.085

*Centers were divided into quartiles based on the percentage of patients that were dead or disabled (Rankin Scale = 3) at 1

year;

T x2 for differences between 10 centers;
1 Barthel Index >18 and no brainstem or cerebellar symptoms or isolated hemianopia;
| Atrial fibrillation;

§ Hyperlipidemic patients <75 years (females) or <70 years (males) with a history of ischemic heart disease, carotid stenosis,
peripheral vascular disease, or high cardiovascular risk profile.

Relation between clinical characteristics, prognostic factors, quality of care and outcome
Predictive factors in the model were age, sex, duration of symptoms, severe stroke, lowered
consciousness level at hospital arrival, Barthel Index at hospital arrival, previous stroke, atrial
fibrillation, ischemic heart disease, diabetes mellitus, hypertension, hyperlipidemia, ECG
performed, mobilisation on day 1, antiplatelet therapy and oral anticoagulation.

Age, sex and duration of symptoms explained a large part of the variation (AIC=54.7,
P<0.001) and another substantial part was explained by prognostic factors (AIC=79.3,
P<0.001). Quality of care explained a relatively small part of the variation (AIC=5.5,
P=0.009). The area under the curve of the model with only patient characteristics was 0.80
and that of the complete model 0.82, indicating a reasonable predictive performance. (Table
4)

Table 4. Multivariate analysis: Predictors of outcome (dead or disabled at 1 year) after ischemic stroke
AIC (x2-2*df)*

Step Model P value AUC T
Step 1: Age, sex and duration of symptoms 54.68 54.68 <0.001 69.0
Step 2: Stroke severity and risk factors 79.33 134.01 <0.001 80.4
Step 3: Quality of care 5.46 139.47 0.009 815

*Akaike’s Information Criterion;

1 Area under the ROC curve.

W scores

The differences in outcome between centers were also expressed in w scores. Before any
adjustment the sum of the absolute w scores across the ten centers was 142, indicating that
over all centers 14.2% of the patients had a different outcome (better or worse) then
expected. After adjustment for age, sex and duration of symptoms this percentage was
reduced to 11.2%. After further adjustment for prognostic factors the total variation declined
further to 9.5%. After adjustment for quality of care, 8.8% of the patients still had a different
outcome then expected, which could not be explained by the variables taken into account in
this study (Figure 2).
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Sensitivity analyses

Results were not affected by changing the dependent variable of the logistic regression into
dead or disabled at discharge, 30-day mortality or 1-year mortality. The backward elimination
of predictors resulted in slightly different predictors remaining in the model, but the different
steps had approximately the same predictive power as in the initial model. Changing the
order of the steps did not affect the results; the predictive strength of patient characteristics
remained much larger than that of quality of care parameters.

10
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Discussion

We explored the validity of patient outcome as an indicator of differences in quality of care
between centers. We compared observed with expected outcome in 10 representative
centres and we investigated whether differences in patient characteristics and quality of care
could explain differences in outcome between the centers. We found that clinical
characteristics and prognostic factors explain a relatively large part of the variation in
outcome while quality of care parameters explain a much smaller part.

Also previous studies observed considerable variation between centers in outcome after
stroke and were unable to explain this variation with differences in quality of care. >®® The
strength of our study is the detailed data on quality of care parameters that have been
considered important in evidence based guidelines. Despite this we were also not able to
demonstrate a clear and consistent relationship between quality of care and outcome on top
of patient characteristics. Our sample size was small however and we may have had
insufficient power to detect small effects.

Data were collected in 2002 and 2003. Improvements in the process of care might have lead
to a stronger relationship with outcome. However, since the time of the study, no major
changes in he care process have taken place.

An explanation for our results that evidence and consensus based measurements of the
process of care appear to have such little impact on outcome, could be that treatment effects
are generally modest. This is reflected in the fact that large RCTs are needed to identify a
benefit of treatment. In quality of care studies, however, we are looking for differential use of
established treatments and the resulting differences in outcome will therefore be even
smaller. Also, not all items of care or treatments apply to all patients and so cannot be
expected to have a large impact on aggregated outcomes made up of all patients.

It should be noted, that we defined poor patient outcome as Rankin scale 23 and one could
guestion whether it is justified to put patients with Rankin scale 3 and patients who died into
the same category. On the other hand, sensitivity analysis with 1-year mortality as outcome
did not change the results. Furthermore, pre-stroke modified Rankin scale could have
explained part of the variation in outcome but we could not adjust for it since it was not
available in our dataset. We did however adjust for previous stroke and independent pre-
stroke living arrangement, as a proxy for pre-stroke functional status.

Variation in stroke patients’ outcome between centers was determined more by clinical
characteristics and prognostic factors, than by hospital variation in quality of care. It would
therefore make more sense to monitor the process of care directly in order to assess quality
of care. There are several examples were this is being done, for example the RIKS stroke
register from Sweden,*’ the National Sentinel Audit from England, Wales and Northern
Ireland,*® the Scottish Stroke Care Audit.” In the Netherlands however, unadjusted 7-day
day mortality rates were published on the internet until 2006.%° A clear advantage of
measuring process parameters instead of outcome is that it directly identifies opportunities
for improvement in all hospitals, not only in those with poor outcome. This approach has
successfully been applied in England and Wales in the form of regular national audits of
stroke care using the Intercollegiate Stroke Audit Package.”

Those in favour of outcome assessment, advocate that quality assessment on process level
requests a too detailed data collection, and conclusions on quality depend largely on the
selection of process measures.? Our study shows, on the other hand, that using outcome
assessment for quality measurement, is only valid after adjustment for patient characteristics.
This approach is increasingly adopted, e.g. in the United Kingdom, where total hospital
mortality rates are adjusted for some key patient characteristics®? and in the United States
where adjusted mortality rates after acute myocardial infarction and heart failure are used to
compare centers.?* ** However, even if complete adjustment for patient characteristics is
possible, this may not be sufficient for a for a meaningful comparison of outcomes between
centers. Centers with patients with a good prognosis, small deficits and less co morbidity
may still be more likely to deliver good quality of care compared to centers with more
complex patients. The former ones have fewer patients with an indication for certain
interventions, and hence they are less likely to withhold these interventions. For example, a
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patient without swallowing problems does not need a PEG tube, so it cannot be withheld
unjustly. There are simply less opportunities to deliver substandard care. This implies that
adjustment for patient characteristics may also be necessary when process measures are
used.

Recently, attention is given to the development of prognostic models for outcome after
stroke, which may be useful for quality assessment through proper outcome adjustment.?>*°
These models should be validated, however, in databases from the concerning country and
they should be updated regularly. An important question is also whether a model is feasible
in the sense that it can be fed by routinely collected data. Besides the discussion on which
patient characteristics should be included in models for adjustment, also the feasibility and
validity of different methodological and statistical approaches should be investigated and
discussed.

Part of the variation in outcome remained unexplained. It might be so that we failed to
measure important aspects of care e.g. how well complications are identified and treated.
However, it seems implausible that such aspects of care are likely to have a huge impact on
outcome. Another explanation is that there might be differences in patient characteristics that
we cannot quantify. It remains unexplained how quite large residual variation in outcomes
remains after adjusting for all known factors. More research is needed to clarify this
phenomenon.

We conclude that patient outcome largely varies between centers and is for a substantial part
explained by differences in patient characteristics at time of hospital admission. Only a small
part of the hospital variety in patient outcome is related to differences in quality of the care
process. Unadjusted proportions of poor outcome after stroke are not valid as indicators of
quality of care.
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Figure 2: Differences in observed number of patients with poor outcome and predicted number (W score)
per hospital
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