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Abstract
Background: Care pathways are primarily aimed at decreas-
ing length of hospital stay (LOS) and preventing unnecessary 
costs while maintaining or improving the quality of care. In 
laparoscopic cholecystectomy, there is insufficient evidence 
for proving an impact upon postoperative complications. 
Methods: In this retrospective study, logistic regression was 
used to calculate a propensity score, and, after carrying out 
1: 1 nearest-neighbor matching, 296 patients were analyzed 
in both groups with regard to postoperative complications 
using the Clavien-Dindo classification system as a primary 
aim. In addition, secondary aims were LOS, compliance to 
care, and deviation from the care pathway with respect to 
patient discharge. Relative risk of the primary outcome was 
calculated and compared with the e-value as sensitivity test-
ing approach. Results: Due to the mandatory part of the care 
pathway, patient record compliance was 100%. Deviation 
from the care pathway with respect to the planned patient 
discharge on postoperative day 2 was noted in 16% of the 
cases. After adjustment for potential factors, the relative risk 
when comparing Clavien-Dindo complication grades 0 ver-
sus 1–4 is 1.64 (95% CI 0.87–3.11), which did not reach sig-
nificance (p = 0.127). After matching, LOS lasted 3.69 days 

without and 3.26 days with the care pathway, respectively. 
Conclusions: Against the background of already implement-
ed structured standard operation procedures, a care path-
way is not able to reduce postoperative complications. Nev-
ertheless, we consider our clinical pathway a highly valuable 
tool for the interdisciplinary management of patient hospi-
talization under the supervision of experienced specialized 
surgeons. © 2020 S. Karger AG, Basel

Introduction

Since the Institute of Medicine published its report 
“To Err is Human,” a wealth of interventions has been 
implemented in different health care systems reducing 
the burden of surgical harm [1, 2]. Thus, in a system-
atic review of the interventions used to reduce adverse 
events in surgery, the following procedures produced a 
significant decrease in mortality and morbidity: im-
proving nurse/patient ratios, physician involvement in 
postoperative care in intensive care units, subspecializa-
tion, submission of outcome data to national audits, use 
of safety checklists, team training, and adherence to a 
care pathway [2]. Besides structural and process im-
provements, the impact of nontechnical skills on tech-
nical performance in surgery has also been highlighted 
[3].
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Care pathways (synonyms: case management plans, 
critical pathways, clinical pathways, CPWs, care map, or 
integrated care pathway) were primarily aimed at de-
creasing length of hospital stay (LOS) and preventing un-
necessary costs while maintaining or improving the qual-
ity of care [4, 5]. In an attempt to assess the effect of 
CPWs, Rotter et al. [6] performed a Cochrane systematic 
review. For this analysis, the authors defined CPWs as fol-
lows: (1) The intervention was a structured multidisci-
plinary plan of care. (2) The intervention was used to 
channel the translation of guidelines or evidence into lo-
cal structures. (3) The intervention detailed the steps in a 
course of treatment or care in a plan, pathway, algorithm, 
guideline, protocol, or other inventory of actions. (4) The 
intervention had time frames of criteria-based progres-
sion (i.e., steps were taken if designated criteria were 
met). (5) The intervention aimed to standardize care for 
a specific clinical problem, procedure, or episode of care 
in a specific population. After applying these inclusion 
criteria, the authors concluded that CPWs are associated 
with reduced inhospital complications.

In a meta-analysis of 7 randomized controlled trials, 
Zhang et al. [7] analyzed the clinical effects of CPW im-
plementing for laparoscopic cholecystectomy (LC). The 
authors came to the conclusion that CPW application for 
LC effectively reduced hospital stay and total costs. How-
ever, there was insufficient evidence for proving an im-
pact upon postoperative complications. Therefore, our 
study addressed the question of whether CPW imple-
mentation has the potential of reducing postoperative 
complications using a widely used complication grading 
system.

Materials and Methods

The present study was created on the basis of STROBE, SQUIRE 
2.0, and STaRI guidelines (Strengthening the Reporting of Obser-
vational Studies in Epidemiology; Standards for Quality Improve-
ment Reporting Excellence; Standards for Reporting Implementa-
tion Studies) [8–10].

Study Design and Overview
This retrospective cohort study analyzed a total of 696 patients, 

i.e., all patients with acute cholecystitis or symptomatic cholecys-
tolithiasis who underwent LC at the Department of General, Vis-
ceral, and Thoracic Surgery, Asklepios Hospital Langen, Germany, 
from 2013 through 2016. No extra patient consent was required 
because of the retrospective study design; data confidentiality and 
permission of data review were provided in the hospital admission 
consent. 

Setting
The Asklepios Clinic in Langen is a 400-bed hospital of basic 

and regular care and an academic teaching hospital of the Goethe 
University in Frankfurt/Main. 

The following departments exist at the hospital: the Depart-
ment of Gynecology and Obstetrics with an Interdisciplinary 

Breast Center; Medical Clinic I (Cardiology) with a Chest Pain 
Unit; Medical Clinic II (Gastroenterology, Pneumology, Hepatol-
ogy, Infectious Diseases, and Oncology); General, Visceral, and 
Thoracic Surgery; Orthopedics and Trauma Surgery with a certi-
fied Arthroplasty Center and a certified Trauma Center; Anesthe-
sia and Peri-Operative Medicine with 14 interdisciplinary inten-
sive care unit beds and equipment for acute renal dialysis, MARS 
(molecular adsorbent recirculating system) treatment, and ECMO 
(extracorporeal membrane oxygenation). 

The main focus of the Department of General, Visceral, and 
Thoracic Surgery is minimally invasive techniques. The staff con-
sists of 1 surgical chair, 4 senior surgeons, and 11 surgical resi-
dents. Cholecystectomy for acute cholecystitis is always performed 
by a senior physician or the chair. Indications for endoscopic ret-
rograde cholangiopancreatography and for the treatment of acute 
cholecystitis are standardized by department policy. All cholecys-
tectomies conform to a treatment protocol in accordance with the 
requirements of a peer review project of the Hesse State Chamber 
of Physicians, Germany. In addition, the department is a regional 
study center of CHIR-Net, a surgical study network, and is certi-
fied by CAMIC (Chirurgische Arbeitsgemeinschaft für Minimal-
Invasive Chirurgie, i.e., surgical working group of minimally inva-
sive surgery) of the German Association of General and Visceral 
Surgery.

Patients and CPWs
Patients underwent LC within a period of 2 years before  

CPW implementation (2013–2014) as well as a period of 2 years 
thereafter (2015–2016). The CPW is described in detail in online 
supplementary chart 1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000506718). It is a mandatory part of the 
patients’ record and was developed by surgeons and nurses of the 
Department. 

Information about implemented risk management tools is pro-
vided in Figure 1 (for the peer review protocol of the Hesse State 
chamber of physicians see https://tinyurl.com/y67lj6e8 and for re-
quirements for the clinical documentation and surgical standard 
operation procedure see https://tinyurl.com/y6k4999o and https://
tinyurl.com/y5cxgcco).

Internal and external audits are performed on a regular basis, 
e.g., every 3 years the whole hospital is externally audited by a KTQ 
(Cooperation for Transparency and Quality) team according to 
PDSA (Plan, Do, Study, Act) cycles and reviews the domains pa-
tient orientation, employee orientation, security risk management, 
information, and communication, corporate governance, and 
quality management.

Statistics and Propensity Score Matching
Continuous variables were presented as means and standard 

deviation (SDs) and compared between groups with Wilcoxon-
Mann-Whitney test. Categorical variables were presented as 
counts with percentages and compared with χ2 and Fisher tests, as 
appropriate. All tests were two sided and used a significance level 
of α = 5%. The relative risk of the primary outcome (Clavien-Din-
do complication grades 0 vs. 1–4) was calculated and compared 
with the e-value as sensitivity testing approach [11].

In order to increase the comparability of both treatment groups, 
propensity score matching was carried out. The following param-
eters were used for propensity matching: age; gender; American 
Society of Anesthesiologists (ASA) score, and the differentiation 
between acute versus chronic inflammation according to the path-
ological report. From a pool of a total of 696 patients (296 patients 
without and 400 patients with CPW), logistic regression was used 
to calculate a propensity score for each patient. With regard to this 
propensity score, 1: 1 nearest-neighbor matching was carried out 
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Fig. 1. Risk-based assessment/managing probability and risk at the Asklepios Clinics in Germany.
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for both treatment groups. A caliper width of 0.2 SDs of the pro-
pensity score logit was used as a basis for this. After matching, 296 
patients were analyzed in both groups. The effect of the matching 
procedure was described by standardized mean differences [12] 
and the respective nonparametric tests.

Statistical analysis was performed with R (R Foundation of  
Statistical Computing, Vienna, Austria) and BiAS for Windows 
(epsilon, Frankfurt, Germany).

Results

Overall, 296 patients without and 400 patients with 
CPW were included in the study. CPW compliance was 
100% whereas deviations from the pathway with respect 
to the planned discharge date of the patients were ob-
served in 16% of the patients, i.e., patients stayed longer 
primarily because of pain. 

Table 1 summarizes the patients’ clinical character-
istics before any adjustments and Table 2 the corre-
sponding Clavien-Dindo complication grading, respec-
tively. Here, a significant increase in unfavorable out-
comes as described by the Clavien-Dindo complication 
grading can be observed in the CPW cohort. Neverthe-
less, the ASA score was also significant higher in the 
CPW cohort.

Furthermore, LOS (in days) was compared between 
both cohorts. Before matching it was significantly shorter 
in the group with than without CPW (mean ± SD 3.32 ± 
2.60 vs. 3.69 ± 2.70 days, respectively; p < 0.0001).

To account for differences in patient characteristics, 
propensity score matching was performed. Table 3 sum-
marizes the patients’ clinical characteristics after propen-
sity score matching. After adjusting, both groups were 
comparable with respect to age, sex, ASA classification, 
and pathological report. Nevertheless, a significant in-

crease in complications could still be observed in the 
CPW cohort (Table 4).

After adjustment, LOS was significantly shorter in the 
group with than without CPW (mean ± SD 3.26 ± 2.63 vs. 
3.69 ± 2.70 days, respectively; p < 0.0001).

Comparing Clavien-Dindo complication grades 0  
versus 1–4 between both groups results in a relative risk 
of 1.64 (95% CI 0.87–3.11; p = 0.127) after adjustment. 
The corresponding e-value is 2.67.

Discussion

Key Results
Our experience and data analysis confirm that the in-

troduction of the pathway shortened LOS from 3.69 to 
3.32 days. By the end of the study period, 84% of the pa-
tients could be discharged on the 3rd postoperative day 
as planned after CPW implementation. The relative risk 
of complications was not changed by the pathway.

Table 1. Clinical characteristics – before propensity score matching

Without CPW
(n = 296)

With CPW
(n = 400)

STDiff p 
value

Age (mean ± SD), years 55.03±15.90 53.80±15.75 0.077 0.255
Sex, n (%)

Female
Male

194 (65.5)
102 (34.5)

253 (63.2)
147 (36.8)

0.048
–0.048

0.587

ASA, n (%)
1
2
3

57 (19.3)
231 (78.0)

8 (2.7)

47 (11.8)
324 (81.0)

29 (7.2)

0.209
–0.073
–0.210

0.0013

Pathological report, n (%)
Chronic
Acute

254 (85.8)
42 (14.2)

351 (87.8)
49 (12.2)

–0.057
0.057

0.524

CPW, clinical pathway; STDiff, standardized mean difference; SD, standard deviation; ASA, American Society 
of Anesthesiologists score.

Table 2. Clavien-Dindo complication grading – before propensity 
score matching

Without CPW
(n = 296)

With CPW
(n = 400)

STDiff p 
value

0, n (%) 282 (95.3) 360 (90.0) 0.203 0.0003
1, n (%) 2 (0.7) 23 (5.8) –0.291
2, n (%) 11 (3.7) 9 (2.2) 0.086
3, n (%) 1 (0.3) 5 (1.2) –0.103
3, n (%) 0 (0.0) 3 (0.8) –0.123

See footnote to Table 1 for abbreviations.
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Interpretation
The primary goal of the surgical care process is to pro-

vide the safest, most effective, and most efficient care pos-
sible. CPWs provide a framework for determining whether 
quality care is being delivered in a timely and cost-effective 
manner, and for defining the acceptable anticipated LOS 
for a specific patient population. They facilitate the coordi-
nation of patient care delivery for a specific subset of pa-
tients through the use of a standardized interdisciplinary 
process. Furthermore, CPWs provide directions for care by 
delineating clinical goals and desired patient outcomes 
[13]. Thus, CPWs are being developed to optimize peri-
operative management, systemize nursing interventions, 
shorten LOS, improve patient satisfaction, and reduce med-
ical costs in general for diseases with high incidence and for 
those for which treatment can easily be standardized as is 
the case for LCs. They have the following advantages ac-
cording to Pearson et al. [14]: First, the quality of medical 
care improves, i.e., the quality of medical treatment can be 
elevated at least to a certain level by presenting indispens-
able tasks. Our results show that by developing and imple-
menting an explicit pathway, which dictates all aspects of 
patient care (including individual physician and nurses 
practices) would reset the expectations for what was per-
ceived as a normal postoperative course after LC. In addi-
tion, as an CPW advantage, systematization of medical 
practice simplifies the tasks of medical statistics and work 
schedules for various professionals, such as physicians, 
nurses, pharmacists, and nutritionists [15]. As outlined in 
our pathway, it primarily details an administrative structure 
that provides a common, institution-wide template for the 
care of these patients. This pathway details the aspects of 
care that we sought to standardize across the institution and 
was directed at minimizing variance in the care provided by 
rotating health care providers, who may interact with these 
patients only intermittently (e.g., residents, nurses, and stu-

dents) [16]. In effect, after a CPW training period of 2 
months, an integral part of the patient’s record (see online 
suppl. Chart 1) was considered as highly valuable tool for 
the management of patients during their LOS by nurses and 
physicians, i.e., the compliance rate, which is rarely report-
ed in the literature, was 100%.

The 12% reduction in LOS by the CPW seems low in 
comparison with a reported change of –15.4% (hospital 
stay 6.0 days without CPW vs. 5.1 with CPW) [17]. In 
contrast, the mean CPW-LOS in our study was 3.26 days. 
Still, the hospital stay in our study seems high in com-
parison with other health care systems. However, epide-
miological data from Germany for the year 2014 demon-
strate a mean LOS of 6.8 days [18]. Deviation from our 
pathway with regard to the LOS occurred in 16%, i.e., 84% 
of patients could be discharged on the 3rd postoperative 
day as planned. The main cause for this CPW deviation 
was postoperative pain.

Although the p value indicates an increase in complica-
tions with the use of a CPW, the relative risk did not change 
significantly. At the same time, the e-values. a tool for mea-
suring unknown confounders, was only slightly elevated. 

Table 3. Clinical characteristics – after propensity score matching

Without CPW
(n = 296) 

With CPW
(n = 296)

STDiff p value

Age (mean ± SD), years 55.03±15.90 56.96±13.85 –0.130 0.195
Sex, n (%)

Female
Male

194 (65.5)
102 (34.5)

196/296 (66.2)
100/296 (33.8)

–0.014
0.014

0.931

ASA, n (%)
1
2
3

57 (19.3)
231 (78.0)

8 (2.7)

40 (13.5)
248 (83.8)

8 (2.7)

0.156
–0.147

0.000

0.167

Pathological report, n (%)
Chronic
Acute

254 (85.8)
42 (14.2)

264 (89.2)
32 (10.8)

–0.102
0.102

0.263

See footnote to Table 1 for abbreviations.

Table 4. Clavien-Dindo complication grading – after propensity 
score matching

Without CPW
(n = 296)

With CPW
(n = 296)

STDiff p value

0, n (%) 282 (95.3) 273 (92.2) 0.126 0.0035
1, n (%) 2 (0.7) 15 (5.1) –0.265
2, n (%) 11 (3.7) 6 (2.0) 0.101
3, n (%) 1 (0.3) 1 (0.3) 0.000
4, n (%) 0 (0.0) 1 (0.3) –0.082

See footnote to Table 1 for abbreviations.
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The observed risk ratio of 1.6 could be explained away by 
an unmeasured confounder that was associated with both 
the CPW (with/without) and Clavien-Dindo classification 
(0 vs. 1–4) by a 2.7-fold risk ratio each, above and beyond 
the measured confounders, but weaker confounding could 
not do so. The lowest possible e-value is 1 (i.e., no unmea-
sured confounding is needed to explain the observed asso-
ciation away). The higher the e-value, the stronger the con-
founder association must be to explain the effect away.

Thus, the result that our CPW had no impact upon com-
plications seems to be valid. An explanation may be that 
new quality assurance measures do not have a great impact 
on an institution with already high safety standards (see 
Fig. 1; https://tinyurl.com/y67lj6e8). This is particularly ev-
ident in the comment by Vanhaecht et al. [19]: The imple-
mentation of CPWs to reduce complications in an already 
well-functioning team may not improve outcomes.

Limitations
The main limitation of our study is its retrospective 

design along with the question about the nature and qual-
ity of the baseline measurements. The existing data may 
be incomplete or inaccurate or measured in ways that are 
not ideal for answering the research question [20]. Oth-
erwise, the comprehensive, standardized, and mandatory 
audits of our record documentation prove a very high ad-
herence to preset standards by nurses and physicians (see 
https://tinyurl.com/y2qmbv8d). That is why we think 
that our data and the standardized parameters analyzed 
in our study are of a robust nature (e.g., surgical proce-
dure, histopathology, and LOS duration), meaning these 
data are available in every case.

An additional limitation may be, against the background 
of a low incidence of complications (according to a 2018 
analysis of 12,681 cholecystectomies in the federal state 
Hesse/Germany, reinterventions due to complications oc-
curred in 2.62% [21] vs. 1.02% in our clinic), that our study 
(as is the case for all studies in the literature analyzing the 
impact of CPWs upon complications) is underpowered 
with respect to the number of patients. When assuming a 
reduction in complications from 2.62 to 1%, 1,137 patients 
per group are needed for an adequate statistical power of 
80% with a significance level of α = 5% (calculated with 
PASS version 14; NCSS, LLC, Kaysville, UT, USA). Such a 
large sample size seems unrealistic to achieve.

In the present study, the propensity score matching 
was used to make both groups as comparable as possible. 
Another limitation may be that we used the ASA score to 
address the risk score of every patient for propensity score 
matching which could be to general, but in our opinion it 
is a validated score making the patient groups comparable 
for propensity score matching.

Standardized mean differences of clinical characteris-
tics after matching were all in respective reference ranges 

indicating balanced data. Even though there remain well-
known limitations because of nonobservable confound-
ers with such an approach in comparison to a randomized 
clinical trial, the number of studies using propensity score 
matching is increasing [22]. Additionally, propensity 
score matching seems to be a good and reliable alternative 
if the implementation of a randomized controlled trial is 
difficult, as it is for example for CPW evaluation [17, 23].

Conclusion

By introducing CPW as a mandatory part of the pa-
tient’s record, a compliance rate of 100% can be achieved. 
As reported in the literature for a variety of surgical pro-
cedures, a reduction in LOS could be reached, but expec-
tations to reduce the complication rate were not met, 
which may be explained against the background of al-
ready implemented risk management tools. Nevertheless, 
we consider our CPW as a highly valuable tool for the 
interdisciplinary management of patient hospitalization 
under the supervision of experienced specialized sur-
geons. Overall, in the armamentarium of interventions 
reducing the burden of surgical harm, we consider CPWs 
as a tessera in hospital safety culture [2].
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