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Abstract

 

Aim and objective

 

To evaluate the validity of study outcomes of published papers that
report the effects of clinical pathways (CP).

 

Method

 

Systematic review based on two search strategies, including searching Medline,
CINAHL, Embase, Psychinfo and Picarta from 1995 till 2005 and ISI Web of Knowl-
edge

 

SM

 

. We included randomized controlled or quasi-experimental studies evaluating the
efficacy of clinical pathway application. Assessment of the methodological quality of the
studies included randomization, power analysis, selection bias, validity of outcome indica-
tors, appropriateness of statistical tests, direct (matching) and indirect (statistical) control
for confounders. Outcomes included length of stay, costs, readmission rate and complica-
tions. Two reviewers independently assessed the methodological quality of the selected
papers and recorded the findings with an evaluation tool developed from a set of items for
quality assessment derived from the Cochrane Library and other publications.

 

Results

 

The study sample comprised of 115 publications. A total of 91.3% of the studies
comprised of retrospective studies and 8.7% were randomized controlled studies. Using a
quality-scoring assessment tool, 33% of the papers were classified as of good quality,
whereas 67% were classified as of low quality. Of the studies, 10.4% controlled for
confounding by matching and 59.1% adopted parametric statistical tests without testing
variables on normal distribution. Differences in outcomes were not always statistically
tested.

 

Conclusion

 

Readers should be cautious when interpreting the results of clinical pathway
evaluation studies because of the confounding factors and sources of contamination affect-
ing the evidence-based validity of the outcomes.

 

Introduction

 

Clinical pathways have been developed in health care as multidis-
ciplinary care plans that outline the sequence and timing of actions
necessary for achieving expected patient outcomes and organiza-
tional goals regarding quality, costs, patient satisfaction and
efficiency. The concept of 

 

clinical pathways

 

 (CP) refers to specific
guidelines for care that describe patient treatment goals and define
a sequence and timing of intervention for meeting those goals
efficiently [1]. They can also be defined as care plans that detail
essential steps in patient care with a view to describing the
expected progress of the patient [2]. They are also known as critical
pathways, integrated care pathway, critical path, care maps™ and
care paths and they are being embraced in many systems.

In an attempt to evaluate the efficacy of integrated care path-
ways, Campbell 

 

et al

 

. posed the question ‘Are clinical pathways
effective in improving patient care?’ [3]. They used the results of a
comprehensive review performed by the National Health Service
in Wales in 1996, which was comprised of approximately 4000
references to integrated care pathways and related topics world-
wide. The studies that were found mainly described benefits that
were experienced and addressed concerns associated with the use
of pathways or practical barriers to implementation. Most of the
studies they found were uncontrolled ‘before–after’ studies and no
randomized controlled studies were found. The authors came to
the conclusion that ‘these reports do not provide reliable evidence
and publication bias is highly likely, favoring publications report-
ing favorable experience’.
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Every 

 

et al

 

. reported that in 

 

cardiovascular medicine

 

, although
the studies they evaluated were somewhat under-powered, the
overall experience had been promising [1]. Clinical pathways
applied to patients with a cardiovascular disease showed a ten-
dency towards a decreased treatment variation, improved guide-
line compliance and reduced costs. However, the evidence of the
effectiveness of clinical pathways in cardiovascular medicine can-
not be generalized because of the insufficient number of controlled
studies. Renholm 

 

et al

 

. concluded in a review article that clinical
pathways had positive effects on patient-care outcome, although
some studies did suggest that the use of clinical pathways had no
influence on patient-care outcomes, while by the same token they
also stated that there was no evidence at all that they had any
negative effect [2].

Similarly, Van Herck 

 

et al

 

. concluded that clinical pathways did
have a positive effect on patient outcome, but they did not take
methodological weaknesses into consideration because they anal-
ysed most of the manuscripts (55.5%) by means of abstracts [4].
Additionally, they expressed their concerns about ‘publication bias
since clinical pathways with no, few, or even negative results
hardly ever get published’.

Kim 

 

et al

 

. conducted a systematic review which focused on the
effectiveness of clinical pathways for total knee and total hip
arthroplasty [5]. They included 11 papers and identified only one
randomized controlled study. They reported a decrease in length of
stay (LOS) and in costs with either reduced or unchanged rates of
complications and either improvement or no change in patient-
reported outcomes. Furthermore, they concluded that, although
the data in their review supported the effectiveness of clinical
pathways, ‘definitive conclusions cannot be made because of
methodological limitations’.

Another systematic review was conducted by Kwan 

 

et al

 

.
regarding clinical pathways for stroke patients [6,7]. They
included both randomized and non-randomized studies and found
no evidence that clinical pathways provided any significant addi-
tional benefit over standard medical care in terms of major clinical
outcomes (death or discharge destination). Moreover, they con-
cluded that stroke patients in clinical pathway groups were more
dependent on discharge, while the effect on LOS and hospitaliza-
tion costs remained unclear.

Despite these uncertainties, clinical pathways have been
widely used in many institutions throughout the United States,
the United Kingdom and some parts of Europe for patients under-
going various treatments, surgeries or diagnostic procedures.
According to the results of the majority of publications in which
clinical pathways were compared with standard care, there is an
overall tendency to come to the conclusion that clinical pathways
are effective in reducing LOS, costs, complication rates and read-
missions. On the other hand, clinical pathways may positively
affect patients’ health-related functioning, quality of life or
patient satisfaction.

However, some critical studies [1,4,5,8] have introduced seri-
ous doubts about the amount of the evidence, and this criticism
stimulated us to undertake this study. The purpose of this study
was to appraise the methodological qualities of clinical pathway
evaluation studies in order to evaluate the validity of the evidence
for the efficacy of clinical pathways and to suggest improvements
in future study design. Methodological quality was defined
through a set of parameters related to the design and conduct of

the study that determines the internal and external validity of the
study [9–12].

 

Methods

 

Two 

 

search strategies

 

 were employed to find published studies on
the efficacy of clinical pathways. The first strategy involved com-
puterized database searches using Medline, CINAHL, Embase,
Psychinfo and Picarta from 1995 till 2005. Studies were identified
by a broad range of keywords: clinical pathways, critical pathway,
clinical paths and integrated care pathway, effect, adults, paediat-
ric diseases, patient satisfaction, length of stay, complications,
readmission, quality of care, quality of life, costs, longitudinal
studies, experimental studies, randomized controlled studies,
cohort studies, double-blind methods, systematic review, evalua-
tion and comparative studies.

The second strategy concerned a snowball sampling method
using the databases of ISI Web of Knowledge

 

SM

 

. We identified
studies that were cited retrospectively in a publication on the
effectiveness of clinical pathways, as well as studies that cited the
selected papers in the years following their publication.

 

Inclusion and exclusion of publications

 

Information from abstracts and titles of the papers that were
detected using both search strategies was used to include or
exclude manuscripts. Papers were excluded if they were:

 

•

 

manuscripts that addressed the noun ‘pathway’ but were not
related to studies investigating the efficacy of a clinical pathway in
terms of specified guidelines or outlines for care that describe
patient-treatment goals and define a sequence and timing of inter-
ventions to meet those goals efficiently;

 

•

 

manuscripts concerning our definition of a clinical pathway
which did not provide empirical quantitative results, such as letters
to the editor, brief reports, case studies, qualitative designs, opin-
ions of experts, etc.

After exclusion of inappropriate manuscripts, two of the inves-
tigators (NEB and BM) independently assessed the remaining
publications in full text against two criteria:

 

1

 

The study evaluated the efficacy of a clinical pathway by means
of quantitative methods (e.g. a meta-analysis or systematic
review).

 

2

 

The design of the effect study included a clinical pathway group
and a control group.

Papers were included if one or both investigators unequivocally
considered the publication as appropriate for analysis. Differences
were resolved through discussion with reference to a third
reviewer (JPvD) if necessary. Methodological appraisal included
papers that satisfied both criteria.

 

Assessment of methodological quality

 

Two reviewers (NEB and BM) independently assessed the meth-
odological quality of the selected papers and recorded their find-
ings with an evaluation tool or scoring system comprising of a set
of items for quality assessment from the Cochrane Library and
from other publications on quality assessment of studies [9–
11,13]. The quality score was based on eight items that evaluated
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the following methodological characteristics of individual studies
as presented in Table 1.

The appraisal of the overall methodological quality was based
on a weighted score in which the similarity of groups at baseline,
randomization and adequate statistical methods were assigned
three points; the use of power analysis and control of confounders
were assigned two points; and assessment by a medical ethics
committee, unbiased outcome measure and eligibility criteria were
assigned one point. We calculated overall quality scores for each
study by summing up the score-weighted ‘yes’ scores.

We established the cut-off point between ‘high’ and ‘low’ qual-
ity studies by following the method developed by Verhagen 

 

et al

 

.
[12] They set the cut-off point at 50% of the maximum achievable
score of 16 points, meaning high-quality studies scored 

 

≥

 

8.0 and
low-quality studies scored 

 

≤

 

7.0 points. In addition to this dichoto-
mous scale, we arranged the quality scale scores into the following
ordinal categories: invalid studies (scores 0–3), weak to medium
quality (scores 4–7), good quality (scores 8–11) and high quality
(scores 12–16).

 

Analysis

 

Analyses were performed using 

 

SPSS

 

 version 12.0.1 (SPSS Inc.,
Chicago, IL, USA) and for all tests 

 

P

 

 

 

<

 

 0.05 was considered sig-
nificant. We calculated 95% confidence intervals for the differ-
ences in proportions [14]. Chi-square and Fisher’s exact tests were
used for associations between categorical variables. Apart from
the methodological parameters in Table 1, outcomes such as
decrease in LOS, costs, readmission and complications and their
statistical significance were observed.

 

Results

 

Of the 556 publications that were analysed, 310 papers (55.7%)
were not related to our definition of a clinical pathway at all as
they addressed either metabolic, molecular or genetic pathways,
letters to the editor and editorials or investigated the effect of a
pharmacological therapy, or aspects of surgical techniques. Of the
remaining sample of 246 publications, 131 manuscripts were
excluded because they either did not meet the inclusion criterion
regarding required study design (74 papers contained no evalua-
tion study, 52 papers addressed the definition or phases of develop-
ment of clinical pathways and five were not in English). A total of
115 studies out of 556 investigated the efficacy of clinical path-

ways according to our definition of clinical pathways and these
were used for the assessment of methodological quality (see
Fig. 1).

 

Disease treatments

 

In the period between 1995 and 2005, 246 publications addressed
relevant aspects of clinical pathways in terms of our definition. In
Table 2, these publications are shown sorted by disease or inter-
vention category. The most often studied category was in the field
of cardiovascular surgery and diseases in both the gross sample
and study sample (21.5% and 17.4%, respectively). Twenty publi-
cations evaluating cardiovascular clinical pathways were included
in the study sample [15–34]. The relative number (%) of publica-
tions included in the study sample varied between 5% and 16% in
the following domains: (1) respiratory diseases, therapy and tho-
racic surgery [28,35–51]; (2) gastrointestinal surgery, endoscopic

 

Table 1

 

The evaluation items used to assess the methodological quality of the studies investigated

Was a power analysis performed? Yes/No/Insufficient information
Was a method of randomization performed? Yes/No/Insufficient information
Did a medical ethics committee assess the study protocol? Yes/No/Insufficient information
Were the groups similar at baseline in regards to the most important prognostic indicators? Yes/No/Insufficient information
Were the eligibility criteria specified adequately? Yes/No/Insufficient information
Were the operational definitions of outcomes valid? Yes/No/Insufficient information
Were the statistical tests appropriate to the data? Yes/No/Insufficient information
Were potential confounders controlled in the study design (e.g. matching) or statistical analysis 

(multivariate analysis)?
Yes/No/Insufficient information

Were dropouts or losses in follow-up analysed appropriately?* Yes/No/Insufficient information

*Because of the fact that only 10 studies reported the occurrence of patient dropout or losses in follow-up, this parameter was not incorporated into
the final score.

 

Figure 1

 

Flowchart describing study selection and excluded studies.

Excluded on the basis of the 
abstracts 

Full papers screened 
(n = 246) 

Excluded because: 
No evaluation study (n = 74)

Qualitative descriptive papers (n = 52) 
Non English studies (n = 5)

Research papers with an 
appropriate study design 

(n = 115)

Potentially relevant publications, identified  
 titles and abstracts screened  

(n = 556) 
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surgery and diseases [52–70]; (3) orthopedic surgery and multiple
trauma [71–83]; (4) oncological diseases and surgery [84–92]; (5)
neurological trauma, disorders, diseases and pain management
[93–100]; (6) vascular surgery [15,19,101–105]; and (7) gynaeco-
logical diseases, surgery and maternity care [106–111].

Categories of diseases or treatment, which represent less than
5% of the study sample, comprised studies on urological diseases,
surgery and procedure [112–116]; psychological disturbances and
mental health [117,118]; metabolic diseases [119]; paediatric con-
ditions [120–122]; burn and skin reconstructive surgery [123,124];
and head and neck surgery [125,126].

We tested whether selection bias affected the sample of manu-
scripts used for methodological analysis with 95% confidence
intervals for differences in proportions. The differences between
the proportion of papers addressing the effects of clinical path-
ways on job satisfaction and papers not in English showed under-
representation in the final sample (used in the current study) as
compared with the total sample of clinical pathway-related
publications.

The study sample of papers shows a similar distribution across
diseases as compared with the gross sample, indicating a good
representation of the population of studies published between
1995 and 2005.

 

Designs

 

Of the 246 papers, 131 were excluded because of the fact that they
were descriptive studies or review articles and only the remaining
115 publications were included based on the criteria of study
design. Ten randomized controlled studies were found and the
majority (

 

n

 

 

 

=

 

 105) were comprised of studies with a retrospective
comparative research design or were cross-sectional retrospective
studies that compared the differences in patient outcome during a

period before and after implementation of clinical pathways. The
following retrospective designs were used:

 

1

 

A majority of these studies (

 

n

 

 

 

=

 

 96) used a historical control
group and were conducted at the same hospital (before–after
design).

 

2

 

Three studies were conducted with a historical control group
from a different hospital and at different time periods.

 

3

 

Six studies were conducted using concurrent control and exper-
imental groups either in the same hospital, though using separate
wards, or in different hospitals.

Ten studies, labelled as randomized controlled studies, com-
prised studies that randomly selected hospitals [45,127] where a
pathway was implemented or that assigned patients randomly to
either pathway care or standard care.

These randomized controlled studies followed up patients after
discharge for outcomes like quality of life, pain, readmission,
mortality and complications. One paper assessed patients at base-
line, 3, 6 and 12 months [117], and another measured patients
1 week after assignment to CP or conventional care and then at 4,
12 and up to 26 weeks [96–98]. The remaining papers followed up
patients after discharge from the health care facility at a time
ranging from 10 days up to 12 weeks [42,45,56,72,127,128].

 

Randomization and matching

 

We detected 12 retrospective studies (10.4%) that controlled for
confounding through matching, of which three studies used a
random sample from a clinical pathway group which was
matched with controls from the pre-pathway period [25,30,
48,50,58,79,81,107,110,111,122,129]. Furthermore, 10 random-
ized controlled studies were found, of which two studies ran-
domly assigned hospitals either to implement a clinical pathway
or to remain on standard care [45,127]. Eight studies randomly

 

Table 2

 

Studies on clinical pathways across diseases and interventions published between 1995 and 2005

Disease and interventions
Gross sample of 
publications 

 

n

 

 (%)
Study sample

 

n

 

 (%) 95% CI

1. Cardiovascular surgery and diseases 53 (21.5) 20 (17.4)

 

−

 

12.7–4.5
2. Respiratory diseases, therapy and thoracic surgery 20 (8.1) 18 (15.6)

 

−

 

14.0–0.3
3. Gastrointestinal surgery, endoscopic surgery and diseases (peritonitis) 24 (9.8) 19 (16.5)

 

−

 

14.5–0.1
4. Orthopaedic surgery and multiple trauma 22 (8.9) 13 (11.3)

 

−

 

9.2–4.4
5. Oncological diseases and surgery 14 (5.7) 9 (7.8)

 

−

 

7.8–3.5
6. Vascular surgery 8 (3.2) 7 (6.1)

 

−

 

7.7–2.0
7. Neurological trauma, disorders, diseases and pain management 18 (7.3) 8 (6.9)

 

−

 

5.3–6.1
8. Urological diseases, surgery and catheterization 15 (6.1) 5 (4.3)

 

−

 

3.1–6.5
9. Gynaecological diseases, surgery and maternity care 6 (2.4) 6 (5.2)

 

−

 

7.3–1.7
10. Paediatric conditions (emergencies, neonatal care, oral rehydration and tonsillectomy) 4 (1.6) 3 (2.6)

 

−

 

2.3–4.3
11. Head and neck surgery 3 (1.2) 2 (1.8)

 

−

 

2.2–3.3
12. Burns, decubitus ulcer reconstructive surgery 3 (1.2) 2 (1.8)

 

−

 

2.2–3.3
13. Psychological disturbances and mental health 10 (4.1) 2 (1.8)

 

−

 

5.7–1.1
14. Metabolic diseases 5 (2.0) 1 (0.9)

 

−

 

3.6–1.3
15. Critical pathway evaluation and job satisfaction 6 (2.4) 0 (0)

 

−

 

4.3–0.5
16. Bone marrow transplant 1 (0.4) 0 (0)

 

−

 

1.2–0.4
17. Not in English language 7 (2.8) 0 (0)

 

−

 

4.9–0.8
18. Not related to a specific disease or medical treatment 27 (11.0) 0 (0)

Total 246 (100) 115 (100)
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assigned patients to either a clinical pathway or standard care
[42,56,72,96–98,117,128].

 

Power analysis

 

The question of what sample size to use constitutes a crucial part
of any research proposal. However, only 16.5% (

 

n

 

 

 

=

 

 19) of the
studies conducted a power analysis to determine in advance the
required number of observations which would be sufficient to
provide the required precision of results. Among the 115 studies,
25% of the samples were very small (

 

n

 

 

 

<

 

 50), 25% ranged from 51
to 100 patients, 25% ranged from 100 to 200 patients and 25% had
samples greater than 200 patients in either the clinical pathway or
the control group. No statistically significant association was
found between sample size (

 

n

 

 

 

<

 

 100 vs. 

 

n

 

 

 

>

 

 100) and performance
for a statistical power analysis (Chi-square, 

 

P

 

 

 

=

 

 0.56).

 

Control for confounding

 

In less than half of the studies (42.1%), the authors did pay atten-
tion to the problem of controlling for potential confounders and
either applied direct control with randomization or matching
(17.5%), and/or used a control for confounders (e.g. co-morbidity,
age and gender) in regression models (24.6%). The other (57.9%)
did not take the potential risk of confounders into account at all.

Selection bias may occur when inclusion and exclusion criteria
are obscure. In 57 of the studies that were appraised (49.6%),
misleading conclusions were prone to arise based on the fact that
patients in ‘experimental’ groups differed from the control group
patients regarding characteristics such as differences in age, gen-
der, disease severity or co-morbidity. The other half of the studies
meticulously described criteria for inclusion and exclusion.

 

Accuracy and validity of outcome measures

 

Length of stay was evaluated in 108 publications (93.3%). How-
ever, more than a quarter (28.1%) of these studies gave no accurate
or meticulous description of its operationalization or a clear
description of the way it was assessed. Costs and hospital charges
were assessed in 73 papers (63.5%), among which 62 (53.9%)
stated a clear description of the charges and costs calculated.

 

•

 

Readmission rates

 

 were calculated in 53 papers (46.1%), of
which 50 (43.5%) precisely defined readmission within a time
frame.

 

•

 

Complications

 

 were evaluated in 70 papers (60.9%), of which
64 (55.6%) defined and clearly stated the complications.

 

•

 

Quality of life

 

 was assessed in 10 (8.7%) of the studies with a
validated measure. Functional health-related functioning was
measured in six (5.2%) studies, and both quality of life and health
status were measured in two papers. Three studies (2.6%) assessed
psychological distress (anxiety and depression). However, only
two studies used a validated measure: the Hospital and Anxiety
and Depression Scale [48,98].

 

•

 

Patient satisfaction

 

 was assessed in 15 studies (13.0%), but was
measured with a multi-item tool in 13 studies (11.3%). 

 

Work
satisfaction

 

 was evaluated in four (3.5%) of the studies, and three
studies presented an accurate description of this construct. Clinical
quality-of-care indicators were evaluated in 57 (49.6%) papers and
were accurately defined in all cases.

 

Appropriateness of statistical methods

 

More than half (59.1%) of the studies adopted parametric statisti-
cal tests without question, but the rest (40.9%) tested variables
over normal distribution and, depending on the outcome, used
non-parametric tests. Reduction of LOS, costs, readmission rates
and number of complications belong to the most relevant targets
for implementing clinical pathways.

However, decreases in LOS, costs, readmission rates and
number of complications were not statistically tested in 12.3%,
28.8%, 20.8% and 27.1% of the studies, respectively [16–19,
22,23,25–28,32,33,36–38,42,44–47,49,53,61,75,85,88,91,92,99–
103,105,110,113,120]. There were studies that used a statistical
test to decide whether a difference between a clinical pathway
group and a control group was due to sample fluctuation, but they
also reported other differences without this test. For the main
outcome parameters, LOS, readmission rates, costs and number of
complications (65%) of the studies tested for each outcome (23%)
did not test for all differences between clinical pathways and
controls, while (12%) did not apply any test at all.

 

Quality of studies related to statistically 
significant outcomes

 

We found 92 publications that reported a decrease in LOS and 60
that reported a decrease in costs. All the good-quality studies
reported a statistically significant result in both LOS and costs.
However, among the low-quality studies (84%) of the papers
reported a reduction in LOS that was statistically significant, and
only 68% of the publications reported a decrease in costs which
was statistically significant (Fisher’s exact test, 

 

P

 

 

 

=

 

 0.02 and

 

P

 

 

 

=

 

 0.03, respectively). There was no association between quality
of the studies and the statistical significance of the reduction in
complications and in readmission rates (see Table 3).

 

Overall quality related to other 
study characteristics

 

According to the dichotomous threshold of Verhagen 

 

et al

 

. [12],
one-third of the papers (33%) analysed were classified as high-
quality papers, while 67% were classified as studies of low quality.
However, the ordinal quality scale showed that 35.7% of the stud-
ies reflected low quality, that is, invalid studies (31.1%) were
appraised as weak- to medium-quality studies, and 24.3% as good-
quality studies. Finally, 8.7% of the sample reflected very good
quality.

No statistically significant associations were found between the
quality of the studies and the sample size (Mann–Whitney 

 

U

 

-test/
Wilcoxon W-test, Z 

 

=

 

 

 

−

 

0.48, 

 

P

 

 

 

=

 

 0.63). Across the diseases shown
in Table 1, the differences between proportions of low- or high-
quality studies were not statistically significant. Furthermore, the
quality of the studies was not associated with treatment in terms of
surgery versus non-surgery (Fisher’s exact test, 

 

P

 

 

 

=

 

 0.31).
Data extracted from hospital records were used in 81% of the

studies and 19% used self-reported questionnaires or interviews in
combination with data from the hospital records.

Both dichotomous and ordinal categorization confirmed that
studies  which  qualified  as  ‘good  quality’  were  more  likely  to
use patient record information in combination with self-report
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questionnaires or interviews (Fisher’s exact test, 

 

P

 

 

 

=

 

 0.01).
Because of the fact that the majority of studies (91.3%) used
electronic databases, the question of whether dropouts were anal-
ysed appropriately did not play a significant role in our analysis. A
significant association was found between the quality of the study
and its design. Only 27% of the studies with a retrospective design
were classified as of good quality (Fisher’s exact test, P = 0.0001),
whereas all randomized controlled studies were of high quality.

Discussion
The majority of the publications on CP we analysed were classi-
fied as studies of low quality (67%), which raise questions about
the validity of the evidence for the implementation of clinical
pathway in the last decade.

The methodology of studies assessing the efficacy of clinical
pathways has been criticized in regard to their research designs,
poor reporting of the methodology and under-powered sample
sizes [1,3,5–8]. Therefore, we performed an appraisal and analysis
of the methodological qualities of a large number of clinical path-
way evaluation studies in order to investigate the validity of their
outcomes.

In relation to the internal and external validity of the studies in
the sample, our analysis revealed several factors that influenced
the quality of clinical pathway evaluation. Most studies in our
sample concerned non-randomly selected small patient popula-
tions without a power analysis [19,23,25,36,52,54,56,58,59,61,
76,81,86–88,91,99,107,111,118,122,123,126,128].

Furthermore, in many studies selection bias has occurred.
Patients selected for a clinical pathway were likely to differ from
patients managed with standard care using characteristics known
to be associated with LOS and hospital delay, and consequently
included costs such as age and co-morbidity. In half of the study
sample (49.6%), the inclusion and exclusion criteria of patients
were obscure and difficult to relate to the population’s characteris-
tics. According to our findings, only 12 retrospective studies
(10.4%) controlled for selection bias by matching, out of which
three studies matched a random sample from a clinical pathway
group with controls from the pre-pathway period group
[25,30,48,50,58,79,81,107,110,111,122,129].

In regard to the outcomes measured, our analysis also revealed
that most studies focused on cost issues and reductions in LOS.
However, clinically relevant outcomes such as mortality, discharge
disposition, quality of care as seen through the eyes of the patient,
psychological distress (anxiety), care dependency and use of
health services after discharge were largely ignored. A few studies
focused on outcome in terms of: (1) destination of discharge
[21,24,69,72,78,98,101,104,122]; (2) delay [44,109]; (3) patient
education [32,124]; (4) quality of care [22,74]; and (5) psycholog-
ical distress [48,98].

In relation to the use of appropriate statistical tests, more than
half (59.1%) of the studies adopted parametric statistical tests
without question, but 40.9% tested variables on normal distribu-
tion and, depending on the outcome, used non-parametric tests.
Before–after differences in frequently measured outcomes such as
LOS, costs, readmission and complications were statistically
tested in few of the studies. Other studies used statistical tests to
decide whether differences between groups were related to sample
fluctuations, while also reporting other differences without statis-
tical tests. After reviewing all papers included, it was clear that
there was an inevitable risk of misrepresentation of the true costs.
Reduced LOS in the hospital may lead to admission to another
health care facility, for example, a rehabilitation unit or extended
care facility. Although costs related to these services are not con-
sidered as a part of hospital charges, they still add to direct health
care costs and may also lead to out-of-pocket expenses for the
patient. Furthermore, studies that report reduction in both LOS
and costs do not take into consideration that both are interrelated,
which leads to contamination in statistical analysis.

Moreover, from a methodological point of view both the inves-
tigators (who assessed the outcomes) and the health care providers
should have been blinded to the use of a clinical pathway since this
might have biased their observations and assignment procedure.

In the light of these findings, it can be concluded that readers
must be extremely cautious when interpreting the results of clini-
cal pathway evaluation studies because of the confounding factors
and the sources of contamination affecting the internal and exter-
nal validity of most of the published studies.

Recommendations for future research

After reviewing a large number of clinical pathway evaluation
studies and having stated our conclusions, we recommend that:
1 More (randomized) controlled studies should be conducted, in
which patients are randomly assigned to the condition of either a
pathway or standard should be conducted. However, such random-
ized controlled studies in the same hospital invite contamination
because many of the same doctors, as well as care staff, are
involved in treating the same population of patients. To avoid such
Hawthorne effects, we suggest establishing multi-centre trials with
randomization after pre-stratification of confounding factors (e.g.
gender, co-morbidity) with a clearly defined method of random-
ization, concealment of allocation or blinding with the appropriate
balancing method [130].
2 Standardization of the total direct costs is specified by clearly
defined cost components and a standardized operational definition
of LOS. LOS should not be confined to the hospital setting, but
should be extended to include whether patients are discharged
home or to an extended health care facility, and should include

Table 3 Comparison of statistically significant results on the two main
outcome measures between studies with low and good methodological
quality

Statistically 
significant 
reduction in: Low quality Good quality Total P*

Length of stay
Yes 52 (83.9%) 30 (100%) 82 0.02
No 10 (16.1%) 0 10
Total 62 30 92

Costs
Yes 32 (68.1%) 13 (100%) 45 0.03
no 15 (31.9%) 0 15
Total 47 13 60

*Fisher’s exact test.



926 © 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd

Appraisal of clinical pathway evaluation research N. El Baz et al.

whether this is a permanent or temporary arrangement. An accu-
rate calculation in this case will reflect the true effect of clinical
pathways on LOS and subsequent related costs.
3 More attention should be paid to measuring relevant patient
outcomes such as quality of life, hospital anxiety, patient expecta-
tions and satisfaction with standardized validated tools, which
reflect the true effect with use of appropriate statistical methods.

Until the results of good-quality research are more widely avail-
able, CPs should be considered as a potentially effective (but not
evidence-based) practice to improve patient care.

References
1. Every, N. R., Hochman, J., Becker, R., Kopecky, S. & Cannon, C. P. 

(2000) AHA scientific statement. Critical pathways: a review. Circu-
lation, 101, 461–465.

2. Renholm, M., Leino-Kilpi, H. & Suominen, T. (2002) Critical path-
ways: a systematic review. Journal of Nursing Administration, 32, 
196–202.

3. Campbell, H., Hotchkiss, R., Bradshaw, N. & Porteous, M. (1998) 
Integrated care pathways. British Medical Journal, 316, 133–137.

4. Van Herck, P., Vanhaecht, K. & Sermeus, W. (2004) Effects of 
clinical pathways: do they work? Journal of Integrated Care Path-
ways, 8, 95–105.

5. Kim, S., Losina, E., Solomon, D. H., Wright, J. & Katz, J. N. (2003) 
Effectiveness of clinical pathways for total knee and total hip arthro-
plasty – literature review. Journal of Arthroplasty, 18, 69–74.

6. Kwan, J. & Sandercock, P. (2004) In-hospital care pathways for 
stroke. Cochrane Database of Systematic Reviews, 18, CD002924.

7. Kwan, J. & Sandercock, P. (2005) In-hospital care pathways for 
stroke. Stroke, 36, 1348–1349.

8. Kwan, J. & Sandercock, P. (2003) In-hospital care pathways for 
stroke: a Cochrane systematic review. Stroke, 34, 587–588.

9. Verhagen, A. P., de Vet, H. C., de Bie, R. A., Bouter, L. M. & 
Knipschild, P. G. (1998) The Delphi list: a criteria list for quality 
assessment of randomized clinical trials for conducting systematic 
reviews developed by Delphi consensus. Journal of Clinical Epide-
miology, 51, 1235–1241.

10. Higgins, J. P. T. & Green, S. (2005) Cohrane Handbook for System-
atic Reviews of Interventions 4.2.5 [updated May 2005]. Chichester: 
John Wiley & Sons.

11. Hadorn, D. C., Baker, D., Hodges, J. S. & Hicks, N. (1996) Rating 
the quality of evidence for clinical practice guidelines. Journal of 
Clinical Epidemiology, 49, 749–754.

12. Verhagen, A. P., de Bie R. A., Lenssen A. F., de Vet H. C., Kessels 
A. G. H., Boers M. & Van den Brant P. A. (2000) Impact of quality 
items on study outcome. Treatments in acute lateral ankle sprains. 
International Journal of Technology Assessment in Health Care, 16, 
1136–1146.

13. Dawes, M., Davies, P., Gray, A., Mant, J., Seers, K. & Snowball, R. 
(1999) Evidence-Based Practice. A Primer for Health Care Profes-
sionals. Edinburgh: Churchill Livingstone.

14. Newcombe, R. G. & Altman, D. G. (2005) Proportions and their 
differences. In Statistics with Confidence (eds D. G. Altman, D. 
Machin, T. N. Bryant & M. J. Gardner), pp. 45–56. Bristol: British 
Medical Journal.

15. Back, M. R., Harward, T. R., Huber, T. S., Carlton, L. M., 
Flynn, T. C. & Seeger, J. M. (1997) Improving the cost-
effectiveness of carotid endarterectomy. Journal of Vascular Sur-
gery, 26, 456–462.

16. Barnes, R. V., Lawton, L. & Briggs, D. (1994) Clinical benchmark-
ing improves clinical paths – experience with coronary-artery 

bypass-grafting. Joint Commission Journal on Quality Improvement, 
20, 267–276.

17. Cohn, L. H., Rosborough, D. & Fernandez, J. (1997) Reducing costs 
and length of stay and improving efficiency and quality of care in 
cardiac surgery. Annals of Thoracic Surgery, 64, S58–S60.

18. Halm, M. A. (1997) Collaborative care: improving patient outcomes 
in cardiovascular surgery. Progress in Cardiovascular Nursing, 12, 
15–23.

19. Jano, S. & Harlin, S. A. (2000) Designing a carotid endarterectomy 
critical pathway for your organization. Military Medicine, 165, 385–
389.

20. Kim, M. H., Deeb, G. M., Morady, F., et al. (2001) Effect of postop-
erative atrial fibrillation on length of stay after cardiac surgery. The 
Postoperative Atrial Fibrillation in Cardiac Surgery study [PACS(2)]. 
American Journal of Cardiology, 87, 881–885.

21. Lazar, H. L., Fitzgerald, C. A., Ahmad, T., Bao, Y. S., Colton, T., 
Shapira, O. M. & Shemin, R. T. (2001) Early discharge after coro-
nary artery bypass graft surgery: are patients really going home 
earlier? Journal of Thoracic and Cardiovascular Surgery, 121, 950.

22. Nikas, D. J., Freeman, J. E., Luterman, A. R., Warnken, L. C., 
Nenstiel, R. D., Farrell, M. & Alpert, M. A. (1996) Use of a national 
data base to assess perioperative risk, morbidity, mortality, and cost 
savings in coronary artery bypass grafting. Southern Medical Jour-
nal, 89, 1074–1077.

23. Porter, H. B. (1998) Health resources utilization and quality of life 
outcomes of low risk coronary artery bypass graft patients: a compar-
ison study. Canadian Journal of Cardiovascular Nursing, 9, 10–15.

24. Rumble, S. J., Jernigan, M. H. & Rudisill, P. T. (1996) Determining 
the effectiveness of critical pathways for coronary artery bypass graft 
patients: retrospective comparison of readmission rates. Journal of 
Nursing Care Quality, 11, 34–40.

25. Serna, D. L., Chen, J. C. & Milliken, J. C. (1998) Accelerated 
recovery after coronary artery bypass surgery in patients with poor 
left ventricular function: preliminary report. American Surgeon, 64, 
942–946.

26. Velasco, F. T., Ko, W., Rosengart, T., Altorki, N., Lang, S., Gold, J. 
P., Krieger, K. H. & Isom, O. W. (1996) Cost containment in cardiac 
surgery: results with a critical pathway for coronary bypass surgery 
at the New York hospital – Cornell Medical Center. Best Practices 
and Benchmarking in Healthcare, 1, 21–28.

27. Walters, J., Schwartz, C., Monaghan, H., Watts, J., Shlafer, G., Deeb, 
G. & Bolling, S. F. (1998) Long-term outcome following case man-
agement after coronary artery bypass surgery. Journal of Cardiac 
Surgery, 13, 123–128.

28. Wright, C. D., Wain, J. C., Grillo, H. C., Moncure, A. C., Macaluso, 
S. M. & Mathisen, D. J. (1997) Pulmonary lobectomy patient care 
pathway: a model to control cost and maintain quality. Annals of 
Thoracic Surgery, 64, 299–302.

29. Cardozo, L. & Aherns, S. (1999) Assessing the efficacy of a clinical 
pathway in the management of older patients hospitalized with con-
gestive heart failure. Journal for Healthcare Quality, 21, 12–16.

30. Cheah, J. (2000) Clinical pathways – an evaluation of its impact on 
the quality of care in an acute care general hospital in Singapore. 
Singapore Medical Journal, 41, 335–346.

31. Holmboe, E. S., Meehan, T. P., Radford, M. J., Wang, Y., Marciniak, 
T. & Krumholz, H. (1999) Use of critical pathways to improve the 
care of patients with acute myocardial infarction. American Journal 
of Medicine, 107, 324–331.

32. Hoskins, L. M., Clark, H. M., Schroeder, M. A., Walton-Moss, B. & 
Thiel, L. (2001) A clinical pathway for congestive heart failure . . . 
‘clinical pathways versus a usual plan of care: what’s the difference’ 
in last month’s issue of HHN, part 2. Home Healthcare Nurse, 19, 
207–217.

33. Nichol, G., Walls, R., Goldman, L., et al. (1997) A critical pathway 
for management of patients with acute chest pain who are at low risk 



N. El Baz et al. Appraisal of clinical pathway evaluation research

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd 927

for myocardial ischemia: recommendations and potential impact. 
Annals of International Medicine, 127, 996–1005.

34. Ranjan, A., Tarigopula, L., Srivastava, R. K., Obasanjo, O. O. & Obah, 
E. (2003) Effectiveness of the clinical pathway in the management of 
congestive heart failure. Southern Medical Journal, 96, 661–663.

35. Abisheganaden, J., Chee, C. B., Goh, S. K., Yeo, L. S., Prabhakaran, 
L., Earnest, A. & Wang, Y. T. (2001) Impact of an asthma carepath 
on the management of acute asthma exacerbations. Annals Academy 
of Medicine Singapore, 30, 22–26.

36. Bailey, R., Weingarten, S., Lewis, M. & Mohsenifar, Z. (1998) 
Impact of clinical pathways and practice guidelines on the manage-
ment of acute exacerbations of bronchial asthma. Chest, 113, 28–33.

37. Burns, S. M., Marshall, M., Burns, J. E., Ryan, B., Wilmoth, D., 
Carpenter, R., Aloi, A. , Wood, M.  & Truwit, J. D. (1998) Design, 
testing, and results of an outcomes-managed approach to patients 
requiring prolonged mechanical ventilation. American Journal of 
Critical Care, 7, 45–57.

38. Burns, S. M., Earven, S., Fisher, C., Lewis, R., Merrell, P., Schubart, 
J. R., Truwit, J. D. & Bleck, T. P. (2003) Implementation of an 
institutional program to improve clinical and financial outcomes of 
mechanically ventilated patients: one-year outcomes and lessons 
learned. Critical Care Medicine, 31, 2752–2763.

39. Burns, S. M. & Dempsey, E. (2000) Long-term ventilator manage-
ment strategies: experiences of two hospitals. AACN Clinical Issues, 
11, 424–441.

40. Chin, R., Browne, G. J., Lam, L. T., McCaskill, M. E., Fasher, B. & 
Hort, J. (2002) Effectiveness of a croup clinical pathway in the 
management of children with croup presenting to an emergency 
department. Journal of Paediatrics and Child Health, 38, 382–387.

41. Estrada, C. A., Unterborn, J. N., Price, J., Thompson, D. & Gibson, 
L. (2000) Judging the effectiveness of clinical pathways for pneumo-
nia: the role of risk adjustment. Effective Clinical Practice, 3, 221–
228.

42. Johnson, K. B., Blaisdell, C. J., Walker, A. & Eggleston, P. (2000) 
Effectiveness of a clinical pathway for inpatient asthma manage-
ment. Pediatrics, 106, 1006–1012.

43. Kwan-Gett, T. S., Lozano, P., Mullin, K. & Marcuse, E. K. (1997) 
One-year experience with an inpatient asthma clinical pathway. 
Archives of Pediatrics and Adolescent Medicine, 151, 684–689.

44. Lee, S. C., Tseng, H. Y., Wang, K. Y. & Lee, L. C. (2002) Effect of 
a clinical pathway on selected clinical outcomes of pulmonary lobec-
tomy. Zhonghua Yi Xue Za Zhi (Taipei), 65, 7–12.

45. Marrie, T. J., Lau, C. Y., Wheeler, S. L., Wong, C. J., Vandervoort, 
M. K. & Feagan, B. G. (2000) A controlled trial of a critical pathway 
for treatment of community-acquired pneumonia. JAMA, 283, 749–
755.

46. Phillips, K. & Crain, H. (1998) Effectiveness of a pneumonia clinical 
pathway: quality and financial outcomes. Outcomes Management for 
Nursing Practice, 2, 16–23.

47. Price, B. J., Bernard, G. R., Drew, K., Foss, J. & Wheeler, A. P. 
(1998) Impact of a critical care pathway for unstable mechanically 
ventilated patients. Critical Care Nursing Clinics of North America, 
10, 75–85.

48. Santamaria, N., Conners, A., Osteraas, J., Ham, J. & Boodram, B. 
(2004) A prospective cohort study of the effectiveness of clinical 
pathways for the in-patient management of acute exacerbation of 
chronic obstructive pulmonary disease (COPD). Collegian, 11, 12–
16.

49. Soria, V., Coll, A., Flores, B., Miguel, J., Torralba, J. A., Andres, B., 
Carrasco, M.  & Aguayo, J. L. (2005) Clinical pathway for the 
treatment of primary spontaneous pneumothorax in a general surgery 
department. American Journal of Medical Quality, 20, 268–276.

50. Wilson, S. D., Dahl, B. B. & Wells, R. D. (2002) An evidence-based 
clinical pathway for bronchiolitis safely reduces antibiotic overuse. 
American Journal of Medical Quality, 17, 195–199.

51. Zehr, K. J., Dawson, P. B., Yang, S. C. & Heitmiller, R. F. (1998) 
Standardized clinical care pathways for major thoracic cases reduce 
hospital costs. Annals of Thoracic Surgery, 66, 914–919.

52. Archer, S. B., Burnett, R. J., Flesch, L. V., Hobler, S. C., Bower, R. 
H., Nussbaum, M. S. & Fischer, J. E. (1997) Implementation of a 
clinical pathway decreases length of stay and hospital charges for 
patients undergoing total colectomy and ileal pouch/anal anastomo-
sis. Surgery, 122, 699–703.

53. Bradshaw, B. G., Liu, S. S. & Thirlby, R. C. (1998) Standardized 
perioperative care protocols and reduced length of stay after colon 
surgery. Journal of the American College of Surgeons, 186, 501–506.

54. Cooney, R. N., Bryant, P., Haluck, R., Rodgers, M. & Lowery, M. 
(2001) The impact of a clinical pathway for gastric bypass surgery on 
resource utilization. Journal of Surgical Research, 98, 97–101.

55. Correa, A. J., Reinisch, L., Paty, V. A., Sanders, D. L. & Duncavage, 
J. A. (1999) Analysis of a critical pathway in osteoplastic flap for 
frontal sinus obliteration. Laryngoscope, 109, 1212–1216.

56. Delaney, C. P., Zutshi, M., Senagore, A. J., Remzi, F. H., Hammel, 
J. & Fazio, V. W. (2003) Prospective, randomized, controlled trial 
between a pathway of controlled rehabilitation with early ambulation 
and diet and traditional postoperative care after laparotomy and 
intestinal resection. Diseases of the Colon and Rectum, 46, 851–859.

57. Joh, H., Moon, I., Park, H., Kim, N. & Yang, S. (2003) The effect of 
the critical pathway for inguinal hernia repair. Yonsei Medical Jour-
nal, 44, 81–88.

58. Kelly, R.-E. J., Wenger, A., Horton, C. J., Nuss, D., Croitoru, D. P. & 
Pestian, J. P. (2000) The effects of a pediatric unilateral inguinal 
hernia clinical pathway on quality and cost. Journal of Pediatric 
Surgery, 35, 1045–1048.

59. Matsumoto, A., Kanda, K. & Shimegatsu, H. (2002) Development 
and implementation of a critical pathway for abdominal aortic aneu-
rysms in Japan. Journal of Vascular Nursing, 20, 14–21.

60. Melbert, R. B., Kimmins, M. H., Isler, J. T., Billingham, R. P., 
Lawton, D., Salvadalena, G., Cortezzo, M.  & Rowbotham, R.  
(2002) Use of a critical pathway for colon resections. Journal of 
Gastrointestinal Surgery, 6, 745–752.

61. Michalsky, M. P., Pratt, D., Caniano, D. A. & Teich, S. (2002) 
Streamlining the care of patients with hypertrophic pyloric stenosis: 
application of a clinical pathway. Journal of Pediatric Surgery, 37, 
1072–1075.

62. Pfau, P. R., Cooper, G. S., Carlson, M. D., Chak, A., Sivak, M. V. Jr, 
Gonet, J. A., Boyd, K. K. & Wong, R. C. (2004) Success and 
shortcomings of a clinical care pathway in the management of acute 
nonvariceal upper gastrointestinal bleeding. American Journal of 
Gastroenterology, 99, 425–431.

63. Podila, P. V., Ben Menachem, T., Batra, S. K., Oruganti, N., Posa, 
P. & Fogel, R. (2001) Managing patients with acute, nonvariceal 
gastrointestinal hemorrhage: development and effectiveness of a 
clinical care pathway. American Journal of Gastroenterology, 96, 
208–219.

64. Porter, G. A., Pisters, P. W., Mansyur, C., Bisanz, A., Reyna, K., 
Stanford, P., Lee, J. E. & Evans, D. B. (2000) Cost and utilization 
impact of a clinical pathway for patients undergoing pancreati-
coduodenectomy. Annals of Surgical Oncology, 7, 484–489.

65. Pritts, T. A., Nussbaum, M. S., Flesch, L. V., Fegelman, E. J., Parikh, 
A. A. & Fischer, J. E. (1999) Implementation of a clinical pathway 
decreases length of stay and cost for bowel resection. Annals of 
Surgery, 230, 728–733.

66. Stephen, A. E. & Berger, D. L. (2003) Shortened length of stay and 
hospital cost reduction with implementation of an accelerated clini-
cal care pathway after elective colon resection. Surgery, 133, 277–
282.

67. Takegami, K., Kawaguchi, Y., Nakayama, H., Kubota, Y. & 
Nagawa, H. (2003) Impact of a clinical pathway and standardization 
of treatment for acute appendicitis. Surgery Today, 33, 336–341.



928 © 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd

Appraisal of clinical pathway evaluation research N. El Baz et al.

68. Uchiyama, K., Takifuji, K., Tani, M., Onishi, H. & Yamaue, H. 
(2002) Effectiveness of the clinical pathway to decrease length of 
stay and cost for laparoscopic surgery. Surgical Endoscopy, 16, 
1594–1597.

69. Walsh, M. D., Barry, M., Scott, T. E., Lamorte, W. W. & Menzoian, 
J. O. (2001) The role of a nurse case manager in implementing a 
critical pathway for infrainguinal bypass surgery. Joint Commission 
Journal on Quality Improvement, 27, 230–238.

70. Warner, B. W., Kulick, R. M., Stoops, M. M., Mehta, S., Stephan, M. 
& Kotagal, U. R. (1998) An evidenced-based clinical pathway for 
acute appendicitis decreases hospital duration and cost. Journal of 
Pediatric Surgery, 33, 1371–1375.

71. Choong, P. F., Langford, A. K., Dowsey, M. M. & Santamaria, N. M. 
(2000) Clinical pathway for fractured neck of femur: a prospective, 
controlled study. Medical Journal of Australia, 172, 423–426.

72. Dowsey, M. M., Kilgour, M. L., Santamaria, N. M. & Choong, P. F. 
(1999) Clinical pathways in hip and knee arthroplasty: a prospective 
randomised controlled study. Medical Journal of Australia, 170, 59–
62.

73. Gholve, P. A., Kosygan, K. P., Sturdee, S. W. & Faraj, A. A. (2005) 
Multidisciplinary integrated care pathway for fractured neck of 
femur. A prospective trial with improved outcome. Injury, 36, 93–98.

74. Ireson, C. L. (1997) Critical pathways: effectiveness in achieving 
patient outcomes. Journal of Nursing Administration, 27, 16–23.

75. Koval, K. J., Chen, A. L., Aharonoff, G. B., Egol, K. A. & Zucker-
man, J. D. (2004) Clinical pathway for hip fractures in the elderly: 
the Hospital for Joint Diseases experience. Clinical Orthopaedics, 
425, 72–81.

76. Mabrey, J. D., Toohey, J. S., Armstrong, D. A., Lavery, L. & 
Wammack, L. A. (1997) Clinical pathway management of total knee 
arthroplasty. Clinical Orthopaedics, 345, 125–133.

77. Macario, A., Horne, M., Goodman, S., Vitez, T., Dexter, F., Heinen, 
R. & Brown, B. (1998) The effect of a perioperative clinical pathway 
for knee replacement surgery on hospital costs. Anesthesia and Anal-
gesia, 86, 978–984.

78. Pearson, S., Moraw, I. & Maddern, G. J. (2000) Clinical pathway 
management of total knee arthroplasty: a retrospective comparative 
study. Australian and New Zealand Journal of Surgery, 70, 351–354.

79. Pennington, J. M., Jones, D. P. & McIntyre, S. (2003) Clinical 
pathways in total knee arthroplasty: a New Zealand experience. 
Journal of Orthopedic Surgery, 11, 166–173.

80. Roberts, H. C., Pickering, R. M., Onslow, E., Clancy, M., Powell, J., 
Roberts, A., Hughes, A. , Coulson, D.  & Bray, J. (2004) The 
effectiveness of implementing a care pathway for femoral neck frac-
ture in older people: a prospective controlled before and after study. 
Age Ageing, 33, 178–184.

81. Santamaria, N., Houghton, L., Kimmel, L. & Graham A. (2003) 
Clinical pathways for fractured neck fumer: a cohort study of health 
related quality of life, patient satisfaction, and clinical outcome. 
Australian Journal of Advanced Nursing, 20, 24–29.

82. Wammack, L. & Mabrey, J. D. (1998) Outcomes assessment of total 
hip and total knee arthroplasty: critical pathways, variance analysis, 
and continuous quality improvement. Clinical Nurse Specialist, 12, 
122–129.

83. Sesperez, J., Wilson, S., Jalaludin, B., Seger, M. & Sugrue, M. 
(2001) Trauma case management and clinical pathways: prospective 
evaluation of their effect on selected patient outcomes in five key 
trauma conditions. Journal of Trauma, 50, 643–649.

84. Chang, S. S., Smith, J. A. Jr., Girasole, C., Baumgartner, R. G., Roth, 
B. J. & Cookson, M. S. (2002) Beneficial impact of a clinical care 
pathway in patients with testicular cancer undergoing retroperitoneal 
lymph node dissection. Journal of Urology, 168, 87–92.

85. Gendron, K. M., Lai, S. Y., Weinstein, G. S., Chalian, A. A., Hus-
bands, J. M., Wolf, P. F., Di Donato, L. & Weber, R. S. (2002) 
Clinical care pathway for head and neck cancer: a valuable tool for 

decreasing resource utilization. Archives of Otolaryngology-Head 
and Neck Surgery, 128, 258–262.

86. Hanna, E., Schultz, S., Doctor, D., Vural, E., Stern, S. & Suen, J. 
(1999) Development and implementation of a clinical pathway for 
patients undergoing total laryngectomy: impact on cost and quality 
of care. Archives of Otolaryngology-Head and Neck Surgery, 125, 
1247–1251.

87. Hwang, T. G., Wilkins, E. G., Lowery, J. C. & Gentile, J. (2000) 
Implementation and evaluation of a clinical pathway for TRAM 
breast reconstruction. Plastic and Reconstructive Surgery, 105, 541–
548.

88. Levin, R. J., Ferraro, R. E., Kodosky, S. R. & Fedok, F. G. (2000) 
The effectiveness of a ‘critical pathway’ in the management of laryn-
gectomy patients. Head and Neck-Journal for the Sciences and Spe-
cialties of the Head and Neck, 22, 694–699.

89. Ramanujam, L. N. & Cheah, W. K. (2005) Improvements in health 
care for patients undergoing thyroidectomy. Asian Journal of Sur-
gery, 28, 266–270.

90. Santoso, U., Iau, P. T., Lim, J., Koh, C. S. & Pang, Y. T. (2002) The 
mastectomy clinical pathway: what has it achieved? Annals of the 
Academy of Medicine, 31, 440–445.

91. Sherman, D., Matthews, T. W., Lampe, H. & LeBlanc, S. (2001) 
Laryngectomy clinical pathway: development and review. Journal of 
Otolaryngology, 30, 115–120.

92. Yueh, B., Weaver, E. M., Bradley, E. H., Krumholz, H. M., Heagerty, 
P., Conley, A. & Sasakii, C. T. (2003) A critical evaluation of critical 
pathways in head and neck cancer. Archives of Otolaryngology-Head 
and Neck Surgery, 129, 89–95.

93. Dufault, M. A. & Willey-Lessne, C. (1999) Using a collaborative 
research utilization model to develop and test the effects of clinical 
pathways for pain management. Journal of Nursing Care Quality, 
13, 19–33.

94. Kwan, J., Hand, P., Dennis, M. & Sandercock, P. (2004) Effects of 
introducing an integrated care pathway in an acute stroke unit. Age 
Ageing, 33, 362–367.

95. Spain, D. A., McIlvoy, L. H., Fix, S. E., Carrillo, E. H., Boaz, P. W., 
Harpring, J. E., Rague, G. H. & Miller, F. B. (1998) Effect of a 
clinical pathway for severe traumatic brain injury on resource utiliza-
tion. Journal of Trauma, 45, 101–104.

96. Sulch, D., Evans, A., Melbourn, A. & Kalra, L. (2002) Does an 
integrated care pathway improve processes of care in stroke rehabil-
itation? A randomized controlled trial. Age Ageing, 31, 175–179.

97. Sulch, D., Melbourn, A., Perez, I. & Kalra, L. (2002) Integrated care 
pathways and quality of life on a stroke rehabilitation unit. Stroke, 
33, 1600–1604.

98. Sulch, D., Perez, I., Melbourn, A. & Kalra, L. (2000) Randomized 
controlled trial of integrated (managed) care pathway for stroke 
rehabilitation. Stroke, 31, 1929–1934.

99. Vitaz, T. W., Mcilvoy, L., Raque, G. H., Spain, D. A. & Shields, 
C. B. (2001) Development and implementation of a clinical 
pathway for spinal cord injuries. Journal of Spinal Disorders, 14, 
271–276.

100. Vitaz, T. W., Mcilvoy, L., Raque, G. H., Spain, D. & Shields, C. B. 
(2001) Development and implementation of a clinical pathway for 
severe traumatic brain injury. Journal of Trauma, 51, 369–375.

101. Aragon, D., Burton, V., Byers, J. F. & Cohen, M. (2002) The effect 
of a critical pathway on patients’ outcomes after carotid endarterec-
tomy. American Journal of Critical Care, 11, 250–258.

102. Calligaro, K. D., Doerr, K. J., McAfee-Bennett, S., Mueller, K. & 
Dougherty, M. J. (2004) Critical pathways can improve results with 
carotid endarterectomy. Seminars in Vascular Surgery, 17, 253–256.

103. Calligaro, K. D., Dougherty, M. J., Raviola, C. A., Musser, D. J. & 
DeLaurentis, D. A. (1995) Impact of clinical pathways on hospital 
costs and early outcome after major vascular surgery. Journal of 
Vascular Surgery, 22, 649–657.



N. El Baz et al. Appraisal of clinical pathway evaluation research

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd 929

104. Stanley, A. C., Barry, M., Scott, T. E., Lamorte, W. W., Woodson, J. 
& Menzoian, J. O. (1998) Impact of a critical pathway on postopera-
tive length of stay and outcomes after infrainguinal bypass. Journal 
of Vascular Surgery, 27, 1056–1064.

105. Sweeney, A. B., Flora, H. S., Chaloner, E. J., Buckland, J., Morrice, 
C. & Barker, S. G. (2002) Integrated care pathways for vascular 
surgery: an analysis of the first 18 months. Postgraduate Medical 
Journal, 78, 175–177.

106. Brandsma, C., Calhoun, B. C. & Vannatta, J. E. (2000) Uncompli-
cated pregnancy: clinical pathway genesis based on the nursing pro-
cess. Military Medicine, 165, 839–843.

107. Broder, M. S. & Bovone, S. (2002) Improving treatment outcomes 
with a clinical pathway for hysterectomy and myomectomy. Journal 
of Reproductive Medicine, 47, 999–1003.

108. Chang, W. C. & Lin, C. C. (2003) A clinical pathway for laparoscop-
ically assisted vaginal hysterectomy. Impact on costs and clinical 
outcome. Journal of Reproductive Medicine, 48, 247–251.

109. Chang, W. C., Lee, C. C., Wu, H. C. & Yeh, L. S. (2003) Laparos-
copy-assisted vaginal hysterectomy clinical pathway. A multivariate 
analysis of impact on costs and quality of care. Gynecologic and 
Obstetric Investigation, 55, 231–234.

110. Ghosh, K., Downs, L. S., Padilla, L. A., Murray, K. P., Twiggs, L. B., 
Letourneau, C. M. & Carson, L. F. (2001) The implementation of 
critical pathways in gynecologic oncology in a managed care setting: 
a cost analysis. Gynecologic Oncology, 83, 378–382.

111. Morris, M., Levenback, C., Burke, T. W., Dejesus, Y., Lucas, K. R., 
Gershenson, D. M. (1997) An outcomes management program in 
gynecologic oncology. Obstetrics and Gynecology, 89, 485–492.

112. Chang, P. L., Wang, T. M., Huang, S. T., Hsieh, M. L., Tsui, K. H. & 
Lai, R. H. (1999) Effects of implementation of 18 clinical pathways 
on costs and quality of care among patients undergoing urological 
surgery. Journal of Urology, 161, 1858–1862.

113. Chang, P. L., Wang, T. M., Huang, S. T., Hsieh, M. L., Chuang, Y. 
C. & Chang, C. H. (2000) Improvement of health outcomes after 
continued implementation of a clinical pathway for radical nephrec-
tomy. World Journal of Urology, 18, 417–421.

114. Chang, P. L., Lee, S. H., Hsieh, M. L., Huang, S. T., Tsui, K. H. & 
Lai, R. H. (2002) Improvement of practice performance in urological 
surgery via clinical pathway implementation. World Journal of Urol-
ogy, 20, 213–218.

115. Holtzman, J., Bjerke, T. & Kane, R. (1998) The effects of clinical 
pathways for renal transplant on patient outcomes and length of stay. 
Medical Care, 36, 826–834.

116. Leibman, B. D., Dillioglugil, O., Abbas, F., Tanli, S., Kattan, M. W. 
& Scardino, P. T. (1998) Impact of a clinical pathway for radical 
retropubic prostatectomy. Urology, 52, 94–99.

117. Katon, W. J., Von Korff, M., Lin, E. H., Simon, G., Ludman, E., 
Russo, J., Ciechanowski, P., Walker, E.  & Bush, T.  (2004) The 
pathway study: a randomized trial of collaborative care in patients 
with diabetes and depression. Archives of General Psychiatry, 61, 
1042–1049.

118. Kazui, H., Hashimoto, M., Nakano, Y., et al. (2004) Effectiveness of 
a clinical pathway for the diagnosis and treatment of dementia and 
for the education of families. International Journal of Geriatric 
Psychiatry, 19, 892–897.

119. Ilag, L. L., Kronick, S., Ernst, R. D., Grondin, L., Alaniz, C., Liu, L. 
& Herman, W. H. (2005) Impact of a critical pathway on inpatient 
management of diabetic ketoacidosis. Diabetes Research and Clini-
cal Practice, 62, 23–32.

120. Browne, G. J., Giles, H., McCaskill, M. E., Fasher, B. J. & Lam, L. 
T. (2001) The benefits of using clinical pathways for managing acute 
paediatric illness in an emergency department. Journal of Quality in 
Clinical Practice, 21, 3–55.

121. Jones, M. L. & Smyth, K. A. (1999) Outcomes for high-risk neonates 
in a managed care clinical system. Nursing Case Management, 4, 
71–76.

122. Pestian, J. P., Derkay, C. S. & Ritter, C. (1998) Outpatient tonsillec-
tomy and adenoidectomy clinical pathways: an evaluative study. 
American Journal of Otolaryngology, 19, 45–49.

123. Dzwierzynski, W. W., Spitz, K., Hartz, A., Guse, C. & Larson, D. L. 
(1998) Improvement in resource utilization after development of a 
clinical pathway for patients with pressure ulcers. Plastic and Recon-
structive Surgery, 102, 2006–2011.

124. Taylor, K. O., Goudie, C. M. & Muller, M. J. (2004) Evaluation of a 
pediatric scald burn clinical pathway. Journal of Burn Care and 
Rehabilitation, 25, 256–261.

125. Chen, A. Y., Callender, D., Mansyur, C., Reyna, K. M., Limitone, E. 
& Goepfert, H. (2000) The impact of clinical pathways on the prac-
tice of head and neck oncologic surgery: the University of Texas M. 
D. Anderson Cancer Center Experience. Archives of Otolaryngology-
Head and Neck Surgery, 126, 322–326.

126. Husbands, J. M., Randal, S. W., Karpati, R. L., Weinstein, G. S., 
Chalian, A. A., Goldberg, A. N., Thaler, E. R. & Wolf, R. F. (1999) 
Clinical care pathways: decreasing resource utilization in head and 
neck surgical patients. Otolaryngology and Head and Neck Surgery, 
121, 755–759.

127. Philbin, E. F., Rocco, T. A., Lindenmuth, N. W., Ulrich, K., McCall, 
M. & Jenkins, P. L. (2000) The results of a randomized trial of a 
quality improvement intervention in the care of patients with heart 
failure. The MISCHF Study Investigators. American Journal of Med-
icine, 109, 443–449.

128. Wild, D., Nawaz, H., Chan, W. & Katz, D. L. (2004) Effects of 
interdisciplinary rounds on length of stay in a telemetry unit. Journal 
of Public Health Management and Practice, 10, 63–69.

129. Ayestas, A. L., Diaz, E. & Kirtland, S. (1995) Clinical pathways: 
improving patient education and influencing readmission rates. Jour-
nal of Healthcare Quality, 17, 17–25.

130. Zielhuis, G. A., Straatman, H., Van’t Hof-Grootenboer, A. E., Van-
lier, H. J. J., Rach, G. H. & Van den Broek, P. (1990) The choice of 
a balanced allocation method for a clinical-trial in otitis-media with 
effusion. Statistics in Medicine, 9, 237–246.


