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Abstract

Standardization of care is necessary to achieve more efficient inpatient care. Enhanced

recovery after surgery (ERAS) protocols have proven to accelerate the recovery of patients,

decrease lengths of stay and reduce complications. However, close adherence to the protocol

is necessary to achieve the beneficial outcomes. The purpose of this study is to prove that

higher adherence to ERAS protocol increases its efficiency by achieving lower expenses and

higher productivity due to the decreased patient length of stay. De-identified dataset of

patients who underwent colorectal surgery between April 2016 and March 2020 at Motol

University Hospital was used for our analysis. Ordinary least squares (OLS) models were

created to investigate the effect of adherence to individual items of the protocol as well as

the different levels of total adherence on the length of stay. We proved that seven items of

ERAS protocol are independent predictors of the length of stay. Moreover, we found an

inverse relationship between the ERAS protocol adherence and the length of stay. Finally,

after assigning monetary values to our results we could conclude that higher adherence to

ERAS protocols provides more efficient inpatient care and contributes to cost savings in

the Czech Republic.
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Abstrakt

Standardizace péče je základem pro dosažení vyšší efektivity v oblasti nemocniční péče.

Koncepce ERAS (enhanced recovery after surgery) prokazatelně přispívá lepším léčebným

výsledkům, rychlejšímu zotavení pacientů a výrazně kratší délce hospitalizace. K dosažení

těchto výsledků však dojde jen s vysokou adherencí k ERAS protokolu. Cílem této

studie je prokázat, že s vyšší adherencí k ERAS protokolu dochází k výrazně kratší době

hospitalizace a díky snižování výdajů a zvyšování produktivity, efektivita protokolů stoupá.

Pro účely naší analýzy byly využity anonymizované datasety obsahující údaje o pacientech,

kteří podstoupili kolorektální resekční výkon ve Fakultní nemocnici v Motole v průběhu

dubna 2016 až března 2020. Za použití metody nejmenších čtverců jsme analyzovali jak

důsledky adherence k jednotlivým částem protokolu, tak vliv odlišné celkové adherence

k protokolu na dobu hospitalizace. Identifikovali jsme sedm jednotlivých bodů ERAS

protokolu, které mají prokazatelný podíl na délce hospitalizace pacienta. Dále jsme

dokázali inverzní vztah mezi adherencí k ERAS protokolu a délkou hospitalizace. Na závěr

jsme přiřadili reálné částky k našim výsledkům a můžeme konstatovat, že vyšší adherence

k ERAS protokolu zajišťuje vyšší efektivitu péče o hospitalizované pacienty a přispívá tak

k úspoře nákladů v České republice.

Klíčová slova

standardizace péče, péče o hospitalizované pacienty, efektivita, náklady na péči, adherence

k protokolu, délka hospitalizace, kolorektální chirurgie, metoda nejmenších čtverců
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Research Question and Motivation

The purpose of this thesis is to review recent researches conducted on the ERAS (Enhanced

Recovery After Surgery) protocols after colorectal surgery as well as the cost-benefit anal-

yses already calculated on the ERAS protocols concerning the same issues. As a model

case I will perform a cost-benefit analysis on the ERAS colorectal guidelines with data

from the Motol University Hospital. Enhanced Recovery After Surgery (ERAS) protocols

are perioperative care pathways based on an examination of current evidence. The main

intention of its use is to standardize and improve medical care and to reduce patient’s

stay by eliminating stress, reducing surgical trauma, and minimizing different kinds of

risks and complications to the patient as well as to the care provider through preoperative,

intraoperative and postoperative interventions. Another fundamental aim is to achieve

the best balance between cost and medical effectiveness [1]. The development of ERAS

protocols is dated in the 1990s when Henrik Kehlet first introduced them in order to

accelerate postoperative recovery [2]. Since then, ERAS colorectal guideline has been

implemented in many institutions worldwide and the findings based on these implemen-

tations have shown that with a high compliance with the ERAS protocol complications

can be prevented, hospitalization length of stay decreases and patient overall outcomes

are improved [3] [4] [5]. As a result, the average costs are dropping significantly with the

presence of ERAS protocols, and thus from an economic point of view, these protocols are

cost-saving as well in addition to clinical benefits [6]. The broadest economic evaluation

method that evaluates costs and benefits in monetary terms, cost-benefit analysis, will be

the approach to estimate the strengths and weaknesses of clinical protocols in practice

in the Motol University Hospital. Expressing the inputs and outputs (implementation

costs, treatment costs, and consequence costs) of clinical protocols in monetary units will

enable the comparison of health costs and consequences with non-health related costs

and consequences and thus final financial gain can be calculated [7] [8]. According to the



researches applying CBA on the ERAS protocols, ERAS protocols are improving clinical

outcomes without increasing costs [9] [10] [11]. Even though valuing health in terms of

monetary units can be challenging, various categories for assessment such as for example

the introduction of the protocols, time spent by hospital employees on protocols, number

of disability days, complications, future income that would have been lost due to illness,

etc. can be found and measured. Even though numerous studies on ERAS have been

conducted already, not many cost-benefit analysis regarding this topic have been done yet.

In the Czech Republic, a recent article by Vymazal and Kocián (2019) is including financial

benefits [12], but there is still a large space for a further and complex cost-benefit analysis

in order to discover the economic benefits of the clinical protocols in the Czech Republic.

Since the introduction of clinical protocols can potentially increase the efficiency of the use

of public money in the Czech Republic, the high importance of the hospitalization costs

in the overall health insurance budget will be also mentioned in the thesis. The majority

of healthcare facilities in the Czech Republic are not making use of ERAS protocols yet

[12], although their significant positive outcomes have been proven already [3] [4] [5].

Therefore, the aim of this thesis will be to contribute to the reasoning why and whether

the clinical protocols should be further introduced into the clinical practice, especially in

the Czech Republic, despite the initial costs involved with their implementation, and later

on, despite the expenditures related to their execution. In order to describe the potential

economic and financial advantages of clinical protocols, I have formulated the following

hypotheses which will be proved or supported by arguments and evidence in one of the

main parts of my thesis. The general hypothesis is formulated this way: ‘The expenses

caused by the introduction and implementation of clinical protocols into clinical practice

and the costs related to their subsequent execution (performing all the items described

in the protocols and their completing) are lower than the benefits that the actual use

of the clinical protocols is bringing. Therefore, the clinical protocols are cost-effective.’

In order to obtain the conclusion for the main question, the following hypotheses have

been formulated: ‘The introduction of certain clinical protocols reduces the average time

patients spent in a hospital.’ ‘It reduces outlays for hospitalization, surgery, medicine, and

other procedures.’ ‘It returns the patients to the working environment sooner, so they are

able to join the economic circle again.’ ‘It reduces the hospital readmission, so the patients

are capable of longer-term economic activity.’ After applying the data and information

available on the hypotheses, I will be able to decide whether the clinical protocols are

cost-effective, as I suppose, or not.



Contribution

My work could contribute to the line of reasoning why the clinical protocols should be

implemented into the hospital care from the economic point of view. It could also raise

the awareness of the ERAS protocols and their positive impact on the patients as well

as the whole society both in the Czech Republic and worldwide. As a result more Czech

healthcare facilities could potentially develop the ERAS pathway which would contribute

to more efficient health care and economic benefits. A greater efficiency in the use of

public money could be reached.

Methodology

The thesis will be divided into two main parts so that the methodology will consist of two

different approaches. First of all, I will do the international research of already existing

results of papers focusing on ERAS protocols specialized in patients undergoing colorectal

resections. I will select studies whose conditions are the most similar to the conditions in

the Czech healthcare system so that it could be feasible to visualize the implementation of

the advantages laboring from the international results into the Czech environment. In the

second part, I will use data from a Czech case of implementation of ERAS protocols in

patients undergoing colorectal resections. The data have been collected at the department

of surgery of the Motol University Hospital in Prague. Cost-benefit analysis will be done

on the basis of this data and final results will be compared to the results from the first

part of my thesis.

Outline

1. Introduction

2. Literature Review

3. Methodology

4. Results

5. Conclusion
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1 Introduction

The healthcare industry forms one of the largest and most complex industries in developed

countries and thus accounts for a significant part of a country’s economy. In 2017 it was

estimated that the health expenditure amounted to 9.9% of GDP across the European

Union, measuring 7.2% of GDP in the Czech Republic (Healthcare expenditure across the

EU 2020). Moreover, with the aging population the demands on healthcare are expected

to be increasing in the forthcoming years causing even more substantial expenditures. It

seems necessary to take action and improve the efficiency of the healthcare sector (Etzioni

et al. 2003).

The standardization of healthcare is recognized as a reliable method of achieving quality

improvement with efficient use of resources. Therefore, numerous care pathways and

practice guidelines developed on evidence-based medicine have been implemented into

daily practice. Enhanced recovery after surgery (ERAS) protocols are peri-operative

pathways consisting of multiple components which aim to accelerate the recovery of

patients after major surgery, reduce complications, and decrease hospital length of stay

without increasing readmission rates (Kehlet and Wilmore 2002). Moreover, Roulin

et al. (2013) and Thanh et al. (2016) have demonstrated that the ERAS protocols are

cost-effective and cost-saving, since many economic benefits are closely linked to their

use: Not only the expenditures on medical material, hospital bed costs and intervention

costs decrease, but ERAS also helps patients to return sooner to the economic cycle and

contribute to the economy again. Despite the broad evidence of the effectiveness, the

implementation of the ERAS pathways is not always straightforward and even though the

importance of high adherence to the protocol has been demonstrated, compliance with the

ERAS pathway often does not reach the desired figures (Ulf O Gustafsson et al. 2011).

The aim of this thesis is to provide evidence suggesting that higher adherence to enhanced

recovery after surgery (ERAS) protocols increases their efficiency. We will measure the

efficiency by analyzing the length of stay after the surgery, since the decreased length of

stay does account for higher productivity as well as reduced expenses. We decided to focus

on the length of stay since the costs per day of hospitalization reach significantly high

amounts and thus there is great potential for huge cost savings. The quality improvement

will not be examined in this work, however, based on recent literature we can assume that

the quality of care does not decrease with higher adherence. In our analyses we will use

de-identified datasets provided by MUDr. Petr Kocián, Ph.D. (Motol University Hospital)

1



1 INTRODUCTION

and MUDr. Ing. Daniel Hodyc, Ph.D. (Advance Healthcare Management Institute). The

datasets contain data about patients who underwent colorectal surgery between April 2016

and March 2020 at the department of surgery of Motol University Hospital in Prague. As

a result we will provide a profound analysis of the relationship between the adherence (in

terms of individual elements as well as total adherence) to the ERAS protocol implemented

at Motol University Hospital in 2016 and the expenditures per length of stay in the hospital

after surgery.

In the Czech Republic the vast majority of institutions have not yet introduced ERAS

protocols into their daily practice and thus the possible benefits of its implementation into

the Czech patient care remain to a great extent unexplored. To best of my knowledge and

based on consultation with medical experts, no one has analyzed the different levels of

ERAS adherence in the case of Czech patients. Furthermore, the benefit of our contribution

lies in assigning monetary values to the variation in length of stay and thus we are able

to present the benefits of closer adherence in a form of real savings. The results of this

thesis will contribute to evidence about adherence to the ERAS protocols and hospital

cost-savings in the Czech Republic.

Firstly, we analyze the effect of adherence to individual items of the ERAS pathway

on the length of stay at different wards by applying the log-transformed ordinary least

squares (OLS) models. Subsequently, the relationship between different levels of total

adherence and the length of stay at different wards is analyzed using log-transformed OLS

models, as previously. Finally, we calculate the average price per day at different hospital

wards, assign the monetary values to already obtained estimates, and derive the final

expenditures from that. The results reveal that seven out of 16 individual ERAS elements

are significant independent predictors of a length of stay. Moreover, a significant difference

in the cost of length of hospitalization among different levels of adherence to ERAS is

evinced as well. Our results conclude that total cost of length of stay per patient during

whose surgical process is adhered to 81%, 88% or 94% of the items of ERAS protocol

decreases on average by CZK 4,783 (EUR 183) and CZK 4,783 (EUR 183) and CZK 7,652

(EUR 292), respectively, compared to patients with adherence lower or equal to 75%.

Regarding the organization of this thesis, the following section introduces in more detail

the concept of standardization of care and the development and implementation of the

enhanced recovery after surgery protocols. Section 3 reviews the literature closely related

to the topic of this thesis both in terms of adherence to the protocol and in terms of

2



1 INTRODUCTION

cost-effectiveness of the ERAS. Subsequently, the hypotheses and research questions are

presented in section 4 and the introduction and description of data follows. The next

section discusses the methodology selected in order to test our hypotheses and the specific

OLS models are demonstrated. Finally, the results of our regressions are interpreted in

section 6, providing also brief discussion in light of what is already known about the

research problem. Finally, the last section summarizes our results, concludes the whole

output of this thesis, and mentions a few limitations.

3



2 Development of an Enhanced Recovery After Surgery

The following section serves as an introduction into the world of health care with respect

to the topic of this thesis. It presents the issue of the growing demand for surgeries, and

subsequent need of more efficient standardized care which would satisfy the currently

increasing demand. Further, guidelines providing enhanced recovery after surgery and

lower expenditures associated with the operation are described more thoroughly. The last

subsection introduces the specific pathway developed in order to reach better clinical as

well as economic results associated with colorectal surgery.

2.1 Surgeries and standardization of care

In recent decades, the population of developed countries has faced changes regarding the

age composition, and with the progressively aging population, the number of patients

suffering from different types of diseases requiring surgery increases each year (Etzioni

et al. 2003; Weiser et al. 2015). With a growing occurrence of operations, its importance

in public health rises as health care spending greatly depends on the number of surgeries

performed. The health expenses associated with operations, (e.g., medical equipment,

medication, hospital accommodation, and health care workers) are reaching significantly

higher amounts in recent years. Therefore, from the economic point of view, optimization

of health care services and costs would be beneficial as a large proportion of healthcare

resources could be saved (Adamina et al. 2011). Improvements of safety, possible risks

monitoring, and better patient care seems essential for both, the good of the patient as

well as economics.

In order to ensure costs minimization, lower risks, and high-quality results, the standard-

ization of health care in a form of clinical pathways and guidelines gained in popularity

and started replacing traditional care based on hands-on experience (Hunter and Segrott

2008). The implementation of standards by specialists improves efficiency and ensures

affordable and sustainable health care by balancing the quality of health care (improved

outcomes, enhanced recovery, lower morbidity, and mortality), costs of health care (savings

on hospital beds and medications due to shorter lengths of stay and fewer complications,

minimization of unnecessary resources) and access to health care (reduced waiting times)

(Friedman and Fulton 2016; Adamina et al. 2011). To reach the beneficial outcomes of stan-

dardization, effective leadership and organization, active dissemination, communication

and information transfer appears to be essential (Tobe, Hua, and Twohig 2013). Enhanced

4



2 DEVELOPMENT OF AN ENHANCED RECOVERY AFTER SURGERY

recovery after surgery protocols which have been developed in order to standardize care

will be reviewed in the following subsections.

2.2 Enhanced recovery after surgery protocols

The quicker patients recuperate after the surgery, the greater are the overall benefits for

the society. Some of the biggest economic advantages include the saved costs of hospital

bed stay and medical material expenses, but we cannot omit the potential costs saved by

the reduction of unnecessary utilization of money. Many variables related to surgery have

an impact on the patient’s development and the whole process is fundamental to achieving

reduced recovery and favorable final outcomes. Therefore, peri-operative pathways called

enhanced recovery after surgery (ERAS) protocols have been developed on the basis

of evidence-based medicine with respect to standardized and comprehensive ways of

postoperative care. ERAS pathways aim to accelerate the recovery of patients after major

surgery, reducing hospital lengths of stay and complications without increasing readmission

rates (Kehlet and Wilmore 2002; Gouvas et al. 2009; Muller et al. 2009). Ample evidence

suggests that the implementation of ERAS protocols, also called fast-track or multimodal

surgery, eliminates the stress response and trauma associated with surgery among patients

by the use of careful and sensitive pre-, peri- and post-operative implementations. As a

result, the reduced surgical stress allows patients to recover more quickly and decrease

average hospitalization time without rising post-operative morbidity and mortality (Keane

et al. 2012). On top of that, ERAS protocols ensure safety and are recognized as the

best care for patients undergoing different types of surgeries. The reduced health care

costs which are achieved by the shorter lengths of hospital stay (while readmission rates

and morbidity do not increase) can be considered another benefit of ERAS protocols

(Ljungqvist, Michael Scott, and K. C. Fearon 2017; Stephen and Berger 2003; Adamina

et al. 2011). Moreover, the positive impact of earlier involvement of the quickly recovered

patients in the socioeconomic sphere cannot be omitted. The reasons described above

make ERAS protocols an economically advantageous operational approach.

The development of ERAS protocols dates back to the 1990s when Danish Professor

Henrik Kehlet introduced the idea of accelerated post-operative recovery in the form of

protocol guidance for the first time. His aim was to mitigate the patients’ surgical stress

response that subsequently increases demands on organ functions and often results in an

extended time of recovery, deterioration of patient’s condition or a higher probability of

death (Kehlet 1997). Kehlet (1997) also suggested that further studies regarding organ

5



2 DEVELOPMENT OF AN ENHANCED RECOVERY AFTER SURGERY

dysfunction after surgery and overall post-operative care should be performed. During this

time, overall interest in optimizing peri-operative treatment and care began to develop with

the main aim of reducing length of stay (LOS), surgical trauma, morbidity, readmission

and mortality.

A decade later, in 2001, Scottish Professor Ken Fearon and Swedish Professor Olle

Ljungqvist assembled a group specialized in peri-operative care which originally held the

name ERAS Study Group and later, in 2010, underwent official registration as the ERAS

Society. Since that date, numerous enhanced recovery after surgery guidelines have been

published, and 14 centers situated in western or northern Europe have completed an

ERAS implementation program and thus contributed to the further development of ERAS

(History of ERAS Society 2016).

Even though the first ERAS protocol had already appeared at the beginning of the

21st century and many studies proved their superiority to conventional post-operative

care, a large variation observed in the application into daily practice is evidenced in the

developed world. According to international surveys and studies, one of the reasons why

most institutions have not yet implemented and adhered to the ERAS protocols is the

fact that peri-operative care is often non-standardized across countries and differs from

evidence-based practice (Kahokehr et al. 2009). Additionally, each institution has its own

resources and qualities, thus the globally created and resource-demanding protocols cannot

simply be applied worldwide. Not only technical limitations slow down the process of

implementation of ERAS protocols, but also the preference of traditional surgical doctrine

poses another challenge (Pearsall et al. 2015). Unfortunately, the desired compliance with

the protocols is often not achieved, even though the correlation between the compliance

with the individual elements of the ERAS protocols and the benefits ERAS protocols

bring has already been proven (ERAS 2015). The issue of adherence to ERAS protocols is

further discussed in subsection 3.1.

2.3 Colorectal cancer and the ERAS protocols

Since our thesis analysis data of patients undergoing colorectal surgery, the following

paragraphs review the issue of colorectal diseases and its treatment via ERAS protocols.

Article published by Torre et al. (2015) rates colorectal cancer as the second and third

most frequently diagnosed cancer among women and men, respectively, with the estimate

of 1.4 million cases occurring in 2012 worldwide. Europe represents almost one-third of
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all colorectal cancer cases (447,000 cases in 2012) and ranks this type of cancer as the

second most common cause of death from cancer (215,000 deaths in Europe in 2012)

(Ferlay et al. 2013). As the average age of colorectal cancer patients is mostly high, the

incidence of colorectal cancer increases in numerous developed countries due to changes in

life expectancy. Neither the development of preventive measures nor the prevalence of risk

factors can stop the growing occurrence. The most common risk factors associated with

colorectal cancer include physical inactivity, being overweight or obese, alcohol and tobacco

use, and red meat consumption (Torre et al. 2015). Both the patient’s older age and the

presence of comorbidities and risk factors among patients contribute to slow recovery,

high mortality rates, and therefore a long length of hospitalizations. Moreover, according

to Alves et al. (2005), colorectal surgeries are associated with frequent post-operative

complications and high morbidity rates.

The very first ERAS clinical care protocol for colorectal surgery was introduced by K.

Fearon et al. (2005) in 2005 and it is considered to be the first guidance protocol in the

multimodal enhanced recovery program. The main elements of the protocol and useful

advice concerning their application are described in their publication (K. Fearon et al.

2005). The importance of the experience of medical staff, organization, and adherence

to the individual elements of the protocol was clarified two years later by Maessen et al.

(2007). Nowadays, the updated version of ERAS guidelines for colorectal surgery published

by ERAS Society can be found on their website www.erassociety.org: List of guidelines

(U. Gustafsson, MJ Scott, Hubner, et al. 2019).

The ERAS protocol consists of individual components which can be divided into pre-

operative care and items, intraoperative items, and post-operative items. The following

paragraphs describe the optimal content of ERAS protocols for colorectal surgery according

to guidelines published by the ERAS Society (U. Gustafsson, MJ Scott, Hubner, et al.

2019).

Pre-operative care focuses on patient optimization prior to surgery. Pre-operative coun-

selling and education of the patient are considered essential in order to decrease the

anxiety and pain related to surgery. The risks that may negatively impact the patient

and the influencing factors should be assessed and if possible, prehabilitation to improve

pre-operative health status and thus diminish the probability of post-operative complica-

tions should be applied. Nutritional screening before surgery and consequent provision of

nutrition in case of malnutrition is required and since colorectal surgery patients often
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suffer anaemia, anaemia should be managed. In order to diminish surgical site infections,

antimicrobial prophylaxis, and skin preparation is necessary. The patient should be

protected from post-operative nausea and vomiting due to which the healthcare costs

could rise. Further, it is important to adjust anaesthetic medication according to the

condition of the patient as premedication is not desired and mechanical bowel preparation

should be avoided or suggested only for rectal surgery. Moreover, pre-operative fluid and

electrolyte therapy, as well as preoperative fasting and carbohydrate loading should not

be omitted (U. Gustafsson, MJ Scott, Hubner, et al. 2019).

Among the intraoperative items, the ERAS Society recommends including the use of

short-acting anaesthetics, monitoring of cerebral function, prevention of hypothermia (36C

or more) and drainage of the peritoneal cavity and pelvis. Also, operative techniques

including minimally invasive surgery or laparoscopy approach is required (U. Gustafsson,

MJ Scott, Hubner, et al. 2019).

The final, post-operative care focuses on accelerated patient recovery and rehabilitation.

The provision of analgesia, early removal of urinary drainage, glycemic control, and

prevention of thrombosis and post-operative ileus are some of the items ERAS protocol

should include. Another target is to start early with oral feeding and patient mobilization

through education and encouragement. On the other hand, according to the ERAS Society,

the nasogastric tube should be inserted only if necessary (U. Gustafsson, MJ Scott, Hubner,

et al. 2019).
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This section reviews the literature published to date regarding the efficiency of enhanced

recovery after surgery protocols. The review focuses in detail on the correlation between

adherence to specific items of the ERAS protocols for colorectal surgery and the length of

stay which relates directly to our research hypotheses. Further, studies concerning the

cost-effectiveness analyses of ERAS protocols are summarized. In the end, we examine

the developing implementation of the ERAS protocols in the Czech Republic and its

effectiveness and economic benefits.

3.1 Adherence to ERAS protocols for colorectal surgery

The incorporation of more than 20 operative interventions is recommended by the ERAS

Society and evidence suggests that compliance with the protocol results in improved

patient recovery. The inverse relationship between the adherence to ERAS elements and

the length of hospital stay after colorectal surgery has been demonstrated by the ERAS

Compliance Group (ERAS 2015) and other studies regarding colon and rectal surgeries

support the importance of adherence by proving a significant reduction in length of stay

with increasing adherence to the ERAS protocol. Their summary can be seen below. Study

conducted by Ulf O Gustafsson et al. (2011) proposed that the average LOS decreased by

21% (2 days), 26% (2.4 days) and 36% (3.4 days) among patients with 70%, 80% and 90%

ERAS protocol compliance, respectively, when compared to patients achieving adherence of

50%. An article by Bakker et al. (2015) concluded similar results by comparing the impact

of 61%-66% adherence to ERAS with a higher (71%-83%) adherence. The difference in the

LOS among these two groups of patients reached 1.6 days. In a recent analysis of ERAS

pathways, Arrick et al. (2019) hypothesized that the difference in LOS between a high

adherence group (>75%) and a low adherence group (≤75%) equals 2.9 days. Another

study conducted a few years earlier by Feroci et al. (2013) compared different ERAS

groups based on distinct levels of adherence (100%, 85–95%,70–80%, and <65%) and

reported that higher levels of ERAS protocol adherence correspond to improved LOS.

In addition, according to Pecorelli et al. (2017), an 11% reduction of length of stay is

associated with increased adherence by any additional element of the protocol.

Even though the relationship between the total ERAS adherence and LOS is often reported,

considerably fewer studies examine the impact of the relative contributions of each of the

ERAS elements (Adamina et al. 2011). In this thesis, we will try to divulge the influence
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of individual variables on the total length of stay and assign the economic benefits to

the individual parts of the protocol. The following paragraphs summarize the up-to-date

published literature regarding the adherence to individual items of the ERAS protocols

for colorectal surgery.

Univariate and multivariate linear regression analyses are used across studies in order to

examine the impact of relative contributions on a shorter length of stay. A variety of

research proved the positive impact of early mobilization (sitting as well as standing) in

the first postoperative days after surgery on the length of stay (ERAS 2015; U. Gustafsson,

MJ Scott, Schwenk, et al. 2012; Kehlet and Wilmore 2002; Delaney et al. 2003). In

addition, ERAS (2015) found shorter length of stay to be associated with preoperative

carbohydrate and fluid loading and these results are supported also by Ulf O Gustafsson

et al. (2011) and Cakir et al. (2013). Ample evidence confirms that the laparoscopic

approach is a key for shorter length of stay (Vlug et al. 2011; Simpson et al. 2015; Pecorelli

et al. 2017). Moreover, evidence about significant importance of reduced hospitalization

related to other elements of the protocol such as avoidance of oral opiates, duration of use

of epidurals, early solid feeding or total intravenous anesthesia has been suggested as well

(ERAS 2015; H. K. Andersen, Lewis, and Thomas 2006; J. Ahmed et al. 2010).

Although adherence to different parts of the protocol is very important in order to achieve

the expected benefits of the ERAS concept, even institutions that use the ERAS protocols

on a daily basis evince average adherence rates between 60% and 80% (Pisarska et al. 2016).

Only when all the medical professionals involved in the operative care are familiarized

with the ERAS principles and are fully dedicated to their adherence, can the evident

advantages of ERAS protocols be met (Kahokehr et al. 2009).

3.2 Cost-effectiveness of ERAS protocols

In order to set up an enhanced recovery after surgery program a substantial investment

is required. However, after its implementation, the postoperative resource utilization

decreases, and thus significant cost savings arise (Stone et al. 2016). Results and conclusions

of studies providing detailed analysis of the cost-effectiveness of the ERAS protocols are

summarized in the following paragraphs.

Lemanu et al. (2014) reviewed the results of seven different articles providing a detailed

breakdown of where cost savings have been achieved using ERAS. Huge inconsistencies

have been found in what costs were included in each analysis as well as differences in
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study designs. However, all studies recorded decreased costs with ERAS (between EUR

153 to EUR 6537 per patient) compared to non-ERAS groups.

If we focus on individual studies, the Alberta Health Services developed the ERAS program

in 2013 and after monitoring its cost-effectiveness concluded that even the initial phase of

the implementation is cost-saving with a probability of 73%-83%. The saving per patient

was estimated to be approximately EUR 1,945 and regarding the return on investment,

each EUR 1 invested in the ERAS would bring an additional EUR 4.2 in return (Thanh

et al. 2016). Another study by Roulin et al. (2013) also supported the cost-effectiveness of

ERAS protocols in the initial phase by already calculating the mean saving per patient

undergoing colorectal surgery under the ERAS protocol to be EUR 1,651. A study

concluding ERAS as a medium-term investment conducted by Sammour et al. (2010)

analyzed the cost-effectiveness of newly implemented ERAS in colonic surgery at Manukau

Surgical Centre. Using a case-control method the results revealed that the implementation

costs equal EUR 65,892 for the first 50 patients but on the other hand, the saving per

patient in the ERAS group reaches EUR 4457 compared to non-ERAS patients, thus it

takes 15 patients to recoup the setup costs.

Based on the provided review of the relevant international literature in this section we can

state that the ERAS protocols lead to decreased length of stay and represent meaningful

cost savings in the healthcare sectors, therefore, it can be considered as efficient. In the

next subsection we will focus on the ERAS concept in the Czech Republic.

3.3 ERAS concept in the Czech Republic

In the Czech Republic as well as in many Central and Eastern European countries, the

incidence of colorectal cancer has been historically low, but keeps increasing in recent

years (Torre et al. 2015). However, in Europe, the ERAS concept is recognized by only

8 countries: Germany, Spain, Portugal, France, the Netherlands, the United Kingdom,

Norway and Sweden (Ljungqvist, Michael Scott, and K. C. Fearon 2017). According to

a study specialized in fast-track post-operative recovery done by Šerclová et al. (2009),

there is evidence within Central Europe that complication rates and length of stay after

the surgery of patients are positively affected by the implementation of protocols. Even

though following ERAS guideline would benefit the current health care system in the

Czech Republic, the vast majority of Czech institutions have not yet implemented ERAS

concept as a standard part of peri-operative care (Vymazal et al. 2018). According to
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a national survey carried out by Ryska, Serclova, and Antoš (2013), the majority of

surgical departments in the Czech Republic do not adhere to ERAS principles. The biggest

drawbacks in Czech surgery are inadequately long intervals of peri-operative fasting,

the use of mechanical bowel preparation, and the routine insertion of invasions (Ryska,

Serclova, and Antoš 2013).

One of the cases of successful implementation of ERAS pathways in the Czech Republic

can be observed at Motol University Hospital (MUH) in Prague. The treatment of patients

undergoing colorectal surgery at MUH has been based on ERAS principles since 2016 and

the study conducted by Kocián et al. (2019) proves the advantages of enhanced recovery

after surgery protocols on a sample of elderly Czech patients. The study compares a

control (non-ERAS) group with an ERAS group of patients and significantly better care

outcomes are reached by the ERAS group - a significantly reduced hospital length of stay

(by 1.6 days) and an improved recovery without an increase of readmission rate. The

ERAS principle has proved economical benefits as well. The average cost of treatment per

patient under ERAS decreases by EUR 1,187 due to the lower expenditure on hospital

bed stay, laboratory tests, and medical equipment (Kocián et al. 2019). Another article

published a few months earlier focusing not only on elderly patients supports the fact that

more beneficial treatment can be attained in the Czech Republic by adhering to ERAS

protocols (Vymazal et al. 2018).

The above-mentioned studies indicate that ERAS pathways decrease the costs related

to colorectal surgery in the Czech healthcare system due to a shorter LOS, but do not

compare observance of all the individual items across the whole protocol. In this thesis

more focus will be given to the adherence to individual items and we will try to prove the

relationship between higher adherence and greater efficiency.
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The first part of this section outlines the objective of the thesis and presents selected

hypotheses. Further, two types of de-identified datasets that will be used in order to test

our hypotheses are introduced. As for the data, we first describe the content of ERAS

protocol created at Motol University Hospital and the data collection. Subsequently, the

selection of data and variables is clarified including theoretical background for the chosen

variables. Finally, the last part describes the data necessary for the final calculation of

cost per bed at the intensive care unit as well as the surgical ward.

4.1 Purpose and hypotheses

Our first aim is to report on the compliance with ERAS protocol in relation to the length

of stay with a thorough focus on the individual items of the protocol. Many studies proved

that the time spent at the hospital after surgery decreases with increasing adherence to

ERAS (ERAS 2015; U. Gustafsson, MJ Scott, Schwenk, et al. 2012; Kehlet and Wilmore

2002); however, there is not enough evidence about the impact of adherence to individual

components of the ERAS protocol. From the economic point of view, decreasing LOS

results in huge cost reductions (Ljungqvist, Michael Scott, and K. C. Fearon 2017; Stephen

and Berger 2003), so subsequently, we will try to assign potential cost savings arising from

higher adherence to said protocol. This thesis should prove the importance of adherence to

individual parts of the protocol after the protocol has already been introduced into daily

practice, not only in terms of decreased length of stay but also in terms of saved healthcare

costs, and thus contribute to meaningful evidence about health care cost savings in the

Czech Republic.

The reason why we chose individual elements of ERAS protocol as our variables of interest

is that in many cases they can be influenced by medical staff and thus our results could be

applicable to daily practice. From a practical point of view, our findings should provide an

overview of which level of adherence is the most advantageous and what are the differences

in efficiency considering different levels of adherence. Moreover, evidence about which

elements of the ERAS protocols are the most relevant ones in order to reach higher

efficiency will be offered. The suggestions could be potentially employed by medical staff.

Colorectal surgery is associated with a high risk of complications, thus patients undergoing

the surgery are usually directly admitted to the intensive care unit (ICU). Post-recovery, to

the point when intensive monitoring and ICU treatment is no longer necessary, patients are
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transferred to the surgical ward (SW). The time spent at each unit differs according to the

state of health of the patient. The expenses related to a bed at ICU significantly differ from

the costs per bed at SW and therefore we analyze not only the total post-operative length

of stay (calculated as a sum of days spent at ICU and SW) but also the post-operative

length of stay at ICU and post-operative length of stay at the surgical ward separately.

Initially, we focus on the hypotheses testing the relationship between adherence to protocols

and LOS. Hypotheses are formulated in such a way that we can separately monitor the

effect of adherence to all individual items of the protocol (Hypotheses type 1), as well as

the total adherence (Hypotheses type 2).

Hypotheses type 1

1. Adherence to the individual items of the ERAS protocol decreases the postoperative

length of stay at the intensive care unit

2. Adherence to the individual items of the ERAS protocol decreases the postoperative

length of stay at the surgical ward

3. Adherence to the individual items of the ERAS protocol decreases the total

postoperative length of stay

Hypotheses type 2

1. Higher total adherence to the ERAS protocol decreases the length of stay at the

intensive care unit

2. Higher total adherence to the ERAS protocol decreases the length of stay at the

surgical ward

3. Higher total adherence to the ERAS protocol decreases the total length of stay

Research question

Secondly, after we obtain results of hypotheses of type 1 and 2, we will assign monetary

values to the changes in the length of stay at different departments (intensive care unit

and surgical ward) and calculate the final value of cost savings obtained due to increased

compliance with ERAS protocol items. So in the end, we will be able to answer the major

economic research questions of this thesis:

1. How much do the costs related to the length of stay differ considering adherence to

the individual items of the ERAS protocol?
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2. How much do the costs related to the length of stay differ considering different

levels of total adherence to the ERAS protocol?

In order to test our hypotheses and answer the research questions, de-identified datasets

including data about patients undergoing colorectal surgery at Motol University Hospital

will be used. The following subsections deal with the introduction of the data and the

variables further applied.

4.2 Data collection and data selection

In 2016, the ERAS protocol including 16 different elements was implemented at Motol

University Hospital. The data about patients who underwent colorectal resection between

April 2016 and March 2020 at the department of surgery of Motol University Hospital in

Prague were prospectively collected in a computerized database by MUDr. Petr Kocián,

Ph.D. The dataset contains records of 716 patients. Each patient’s data field consists

at the most of 292 different variables and includes patient demographics, indication,

comorbidity, type of procedure, peri-operative, operative, post-operative and anaesthesia

data, complications, length of stay, readmission rate, and specific additional comments.

Adherence to each part of the clinical protocol for every patient eligible for the ERAS

study is recorded in a separate datasheet.

For the purpose of this thesis de-identified dataset described above has been provided

by MUDr. Petr Kocián, Ph.D. Only patients who were eligible to be included into the

ERAS study were selected - which reduced the dataset to 377 observations. The main

reasons for the exclusion from the ERAS pathway were urgent surgeries, changes in surgery

plan, and internal polymorbidity. Further, since the length of stay after surgery is a

fundamental variable in this study, patients to which the time spent in the hospital could

not be assigned were omitted as well. This was mainly the case of patients from the last

months for whom records have not been recorded yet. Finally, eight patients with an

excessive length of stay were omitted since the extreme hospitalization times are probably

related to the individual health status of the patients rather than particular items of the

ERAS protocol. After the selection procedure the dataset contains records of 310 patients.
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4.3 Variables

Dependent variables

As we want to examine the relationship between the adherence to ERAS protocol and

the costs of the length of stay, three variables associated with the length of stay after

colorectal surgery are chosen as dependent variables. For clear arrangement, the explained

variables and their assigned abbreviations are summarized below. All of them are discrete

variables.

1. Post-operative length of stay at the intensive care unit, denoted by los_icu

2. Post-operative length of stay at the surgical ward, denoted by los_sw

3. Post-operative length of stay at the hospital, denoted by los_total (sum of days the

patient spent in the intensive care unit and the surgical ward after surgery)

Independent variables

Due to the huge number of variables available (the dataset contains almost 300 variables),

the selection of independent ones is not as straightforward as in the case of dependent

variables. For better orientation, the variables which could have the greatest potential

impact on the length of stay are divided into three groups. Firstly, we present the variables

of interest, next we move to variables including patients characteristics and in the end we

devote space to surgical variables.

Independent variables of interest

As has been introduced earlier, our variables of interest are the individual elements of

the ERAS protocol, because in comparison to different variables that influence the post-

operative outcome of a patient, the adherence to elements of ERAS can be at least partially

influenced by the medical staff and thus our conclusion could be utilized. The ERAS

protocol introduced at MUH consists of 16 different items which can be divided into pre-,

peri- and post-operative care (see Table 4.1). Since the relationship between the adherence

to individual items of the ERAS protocol and the LOS will be examined during hypotheses

of type 1 testing, a specific dummy variable is assigned to each of our 16 items of the

protocol in order to be included as an explanatory variable (refer to Table 4.1 in appendix

for a list of abbreviations). The dummy variable equals 1 when the specific section of

the protocol was adhered to during the care of a patient, 0 otherwise. For the purpose

of the second type of hypotheses testing, categorical variable total adherence ranging

16



4 HYPOTHESES AND DATA

between 56% and 100% has been created based on the adherence to individual items. The

total adherence to the protocol, calculated as the number of items that were complied

with during the care of a patient out of the total number of items, will be investigated.

Since the variable is categorical and the average adherence in the dataset is equal to

84%, some of the categories include a very low number of observations (the case of 56%

adherence and 63% adherence). In order to be able to estimate the effect of different levels

of adherence, 5 dummy variables have been developed and their overview with assigned

abbreviations is located in Table 4.1. In our main models, we will set a_total≤75% as a

reference group, however, additional models with different reference groups (a_total81%,

a_total88%, a_total94%, respectively) will be created as well.

Independent variables providing further information about patient

characteristics

The second group includes variables related to patient characteristics. After a search and

evaluation of the existing literature and a consultation with a specialist, five key attributes were

selected as possible explanatory variables: age, BMI, ASA score, gender and comorbidity - their

selection is clarified in the next paragraphs.

The age of the patient at the surgery procedure is considered a major risk factor in the outcome

of colorectal surgery (S. Ahmed, Howel, Debrah, et al. 2014). A study done by Manilich et al.

(2013) found age to be an important predictor of post-operative complications which often results

in prolonged length of stay at the hospital. Therefore the continuous variable age is included

among the explanatory variables.

The gender of the patient is another essential variable to be examined. A dummy variable sex_m

equal to 1 when the patient is male, 0 otherwise, was created for our purposes.

Another strong determinant of the surgery outcome related to patient characteristics is the value of

the patient’s Body Mass Index. Body Mass Index (BMI) is an indication of nutritional status and

body fat, where a higher number is related to a higher probability of health problems and can be

derived as the body mass in kilograms divided by the square of the body height in meters (WHO:

Body mass index 2020). Pikarsky et al. (2002) in their article concerning laparoscopic colorectal

surgery associate obese patients with a higher risk of post-operative operations and significantly

longer length of hospitalization. Manilich et al. (2013) supports this finding when classifying BMI

into the highly important group of factors influencing colorectal surgery outcome. Based on the

above-mentioned evidence we include continuous variable bmi as one of the independent variables.

Second factor when considering the physical status of the patient that will be controlled for is
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Table 4.1: Independent variables of interest - ERAS protocol items

Adherence to individual items
Preoperative period:

a_pc Adherence to Preoperative counselling

a_ns Adherence to Nutritional screening

a_nf Adherence to No fasting, oral carbohydrates

a_sbp Adherence to Selective bowel preparation

a_atp Adherence to Antithrombotic prophylaxis

a_abp Adherence to Antibiotic prophylaxis

Perioperative period:
a_ph Adherence to Prevention of hypothermia

a_gdft Adherence to Goal-directed fluid therapy (LiDCORapidTM)

a_ertec Adherence to Early removal of the thoracic epidural catheter

a_nad Adherence to No abdominal drain

a_nnt Adherence to No nasogastric tubes immediately after surgery

a_pn Adherence to Prevention of nausea

Postoperative period:
a_ef Adherence to Early feeding

a_epm Adherence to Enhanced postoperative mobilization

a_ma Adherence to Multimodal (opioid-sparing) analgesia

a_fcr Adherence to Foley catheter removal (until 48 hours)

Total adherence
a_total100% 100% adherence (adherence to all items)

a_total94% 94% adherence (Adherence to 15 items)

a_total88% 88% adherence (Adherence to 14 items)

a_total81% 81% adherence (Adherence to 13 items)

a_total≤75% 75% and lower adherence (Adherence to 12 and less items)

18



4 HYPOTHESES AND DATA

the ASA score. A subjective classification system of 6 categories (ASA classification system) was

developed by the American Society of Anesthesiologists in order to assess the physical conditions

of patients undergoing surgery (Saklad 1941; ASA Physical Status Classification System 2019).

The current definitions of ASA PS classification includes categories defined as ’A normal healthy

patient’ (ASA I), ’A patient with mild systemic disease’ (ASA II), ’A patient with severe systemic

disease’ (ASA III), ’A patient with severe systemic disease that is a constant threat to life’ (ASA

IV), ’A moribund patient who is not expected to survive without the operation’ (ASA V) and

’A declared brain-dead patient whose organs are being removed for donor purposes’ (ASA VI)

(ASA Physical Status Classification System 2019). Since in our dataset only the first three classes

of ASA physical status out of six appear, we created two dummy variables (asa_1 and asa_2

corresponding to ASA score I and ASA score II, respectively), with patients classified as ASA

score III being the reference group. Evidence concerning the strength of the relationship between

the ASA score and post-operative outcomes vary among studies; some of them consider ASA

score to be a useful indicator, while others have evaluated the ASA score as less accurate, or

assign lower importance to this factor in comparison to factors mentioned in previous paragraphs

(JC Hall and JL Hall 1996; Tan et al. 2009; Crea et al. 2009; Manilich et al. 2013).

The last variable related to patient characteristics that will be examined is comorbidity. Comor-

bidity, defined as the existence of other health conditions co-occurring with a primary condition,

is related to significantly increased health care costs due to worse health outcomes (Valderas

et al. 2009). For example, Lemmens et al. (2007) in his article introduced specific comorbidities,

e.g., chronic obstructive pulmonary disease and deep vein thrombosis as reasons for substantial

complications among patients undergoing colorectal surgery. Our dataset provides information

about the presence of the following health conditions: cardiovascular disease; hypertension; dia-

betes mellitus; and pulmonary, kidney, and liver diseases. However, for the purpose of this thesis

only one dummy variable comorbidity is created, covering all possible comorbidities. Comorbidity

equals 1 if the patient suffers from at least one of the above-stated health conditions, 0 otherwise.

Independent variables providing further information about the colorectal

surgery

The final group of variables is dedicated to colorectal surgery. The creation of dummy variable

laparoscopy captures the effect of laparoscopic surgery in comparison with open surgery (laparo-

tomy). Laparoscopic operation is a modern surgical technique using a tube called a laparoscope

which enables to monitor the abdominal cavity through a small cut (Soper, Brunt, and Kerbl

1994). According to the existing literature, laparoscopy allows for reduced pain, lower blood

loss, decreased recovery times, and shorter hospital stays compared with open surgery (Open

Resection Study Group et al. 2005; King et al. 2006). The dummy variable tumour controls for

the presence of tumour and the dummy rectum clarifies if the surgical procedure involves the
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rectum or the colon.

4.4 Descriptive statistics

For better familiarization with the variables introduced in the previous subsection, the following

paragraphs and tables provide important descriptive statistics.

Table 4.2 presents descriptive statistics for the variables related to the length of stay. Considering

the length of stay in the intensive care unit, the average length of stay after surgery is approximately

four days, with the minimum value of 0 and maximum value of 13 days. The length of stay in the

surgical ward reaches on average almost six days with a minimum of one day and maximum of 17

days. Data regarding our last dependent variable, total length of stay after surgery, indicates an

average of ten days, minimum of five days, and maximum of 25 days. Moreover, the data for

median, first quantile and third quantile imply that at least 50% of patients spend nine days in

the hospital after surgery, while less than 25% of patients leave the hospital after eight days and,

on the other hand, the hospital stay of at least 25% patients reaches 11 days. The individual

quantiles for length of stay in the intensive care unit and the surgical ward can be seen in the

Table 4.2.

Table 4.2: Descriptive statistics of length of stay

Variable Min 1st Qu Median Mean 3rd Qu Max Sd

los_icu 0 3 3 3.97 5 13 2.14

los_sw 1 4 5 5.81 7 17 2.81

los_total 5 8 9 9.78 11 25 3.41

The relative frequency of length of stay after surgery in the intensive care unit and the

surgical ward as well as the total length of hospitalization can be seen in figures A.1-A.3

in appendix. The most frequent length of stay in the intensive care unit is three days,

followed by two-day and four-day stays. A length of stay of five days is most common

in the surgical ward, followed by four-day and six-day stays. We can observe that the

distributions are right-skewed which is supported by the fact that mean is on the right

of the median in all three cases. In order to achieve normality, the natural logarithm

transformation is applied. All of our values are non-negative, however the variable los_icu

equals 0 for two observations. To tackle this problem a constant value is added to each

value of the variable, in other words, we apply log(x+1) transformation instead. Thus, all

of our explained variables have a lognormal distribution.
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As explained in the previous sections, the ERAS protocol implemented in Motol University

Hospital includes 16 individual items. The average ERAS protocol adherence rate to

each item of the protocol can be observed in Table 4.3. Overall, ERAS items were

implemented with a high mean total adherence rate of 84%. However, the mean adherence

for individual items ranges from 22% to 100%. Focusing on the highest adherence items,

full adherence was achieved in nutritional screening, antithrombotic prophylaxis, and

antibiotic prophylaxis. Moreover, adherence higher than 95% was noted for four more

items: peri-operative counselling, the prevention of hypothermia, no nasogastric tubes

immediately after surgery, and the prevention of nausea. On the other hand, adherence

lower than 75% was noted for the following items: early removal of the thoracic epidural

catheter (67%), no abdominal drain (45%), and early Foley catheter removal (22%).

As three of our potential variables of interest reached full adherence and four other

variables achieved adherence higher than 95%, we are not able to use them as a dummy

variable for our model. Therefore, adherence to peri-operative counselling, nutritional

screening, antithrombotic prophylaxis, antibiotic prophylaxis, prevention of hypothermia,

no nasogastric tubes immediately after surgery and prevention of nausea are left out

from the further analyses and therefore hypotheses of type 1 related to above-mentioned

variables cannot be supported.

Descriptive statistics of dummy variables that have been created on the basis of total

adherence and will be used during the examination of second type hypotheses are shown

in Table 4.4. We can see that an adherence to 88% of items was reached by most patients

(106 patients). Adherence to 81% of items was the second most frequent (25% of patients)

and 22% of patients fall within the category of adherence lower than 75%. Looking at

the top rows of the Table 4.4, only in case of 5% and 14% of patients were 1) all items of

protocol followed, and 2) 94% of items followed, respectively.

In this paragraph a better overview of patient demographics is given. From the description of

patient variables in Table 4.5 can be noticed that the prevailing gender of the patients included

in the study is male, with the ratio of males to females equal to 1:0.75 while the average age

of the patients is 64.29 years. 3/4 of all patients are older than 58 years and the difference in

the age between the youngest and oldest patients in our sample is 64 years. The average BMI

equals 27.26 and 42% of patients fall within the category of people whose BMI is between 25 and

30 and thus are considered overweight. Moreover, the BMI of one-quarter of all patients ranges

between 30 and 40, which corresponds to the obese category. Regarding the American Society

of Anaesthesiologists physical status, the most represented classes are ASA 2 (60%) and ASA
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Table 4.3: ERAS protocol adherence rate

Variable Adherence

Preoperative counselling 98%

Nutritional screening 100%

No fasting, oral carbohydrates 76%

Selective bowel preparation 76%

Antithrombotic prophylaxis 100%

Antibiotic prophylaxis 100%

Prevention of hypothermia 98%

Goal-directed fluid therapy 86%

Early removal of the thoracic epidural catheter 67%

No abdominal drain 45%

No nasogastric tubes immediately after surgery 99%

Prevention of nausea 98%

Early feeding 88%

Enhanced postoperative mobilization 92%

Multimodal (opioid-sparing) analgesia 94%

Foley catheter removal (until 48 hours) 22%

Total adherence 84%

Table 4.4: Descriptive statistics of different adherence levels to the ERAS protocol

Variable Min Median Mean Max Sd Obs

a_total100% 0 0 0.048 1 0.214 15

a_total94% 0 0 0.141 1 0.348 44

a_total88% 0 0 0.339 1 0.474 106

a_total81% 0 0 0.246 1 0.431 77

a_total≤75% 0 0 0.224 1 0.417 68
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3 (36%) defined as ‘A patient with mild systemic disease’ and ‘A patient with severe systemic

disease’, respectively. Two-thirds of patients are described as patients with the presence of one or

more additional diseases or conditions. 54% of all patients suffer from hypertension, making it

the most frequent comorbidity. Regarding the variables associated with the operation itself, the

prevailing surgical approach was open surgery (88% of all cases), while the laparoscopic treatment

applies to the remaining 12% of surgeries. The ratio of surgical procedures involving the rectum

and involving the colon is 1:1.6 and the presence of tumours was discovered in the majority of

cases.

Table 4.5: Descriptive statistics of variables describing patient characteristics and type of

surgery

Variable Min 1st Qu Median Mean 3rd Qu Max Sd

age 24 58 66 64.29 72 88 10.95

sex_m 0 0 1 0.57 1 1 0.50

bmi 18 24 27 27.26 30 40 4.33

asa_1 0 0 0 0.03 0 1 0.17

asa_2 0 0 1 0.60 1 1 0.49

comorbidity 0 0 1 0.68 1 1 0.47

laparoscopy 0 0 0 0.12 0 1 0.33

tumour 0 1 1 0.86 1 1 0.34

rectum 0 0 0 0.38 1 1 0.49

4.5 Hospital expenses data

For the purpose of calculating real cost reductions of hospital bed stays, the dataset

provided by the Advance Healthcare Management Institute is used. The dataset contains

records of 126 patients who underwent colorectal surgery at Motol University Hospital

with the ERAS pathway between June 2016 and September 2017. Figures about all

expenses related to colorectal surgery - intervention costs, costs of medical material and

costs of hospital bed stay - are assigned to each patient. The data concerning the length

of hospital bed stays allow us to calculate the expected cost benefits associated with the

changes in length of stay as a higher adherence to ERAS protocols is achieved.
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5 Methodology

The objective of this section is to outline the approach for hypotheses testing. Based on

similar studies, we decided to use the OLS method in order to estimate the relationship

between the explanatory variables and the length of stay (Pecorelli et al. 2017; Cakir

et al. 2013). Firstly, the theoretical back-ground is summarized, and afterwards, specific

linear regression models are presented. We also devote to the proper way of verifying OLS

assumptions. The whole chapter refers to the publication Introductory Econometrics: A

Modern Approach by Wooldridge (2016).

5.1 Ordinary least squares models

In order to test the hypotheses of type 1 and 2 described in section 4.1 stating that increased

adherence to ERAS protocol reduces post-operative length of stay in the intensive care

unit, the surgical ward as well as the total length of stay - OLS models will be applied.

Different multivariate linear regression models in the following form will be estimated:

yij = β0 + Xβ + uij (5.1)

where yij refers to the length of hospital stay after surgery of patient i at the hospital unit

j. X stands for all explanatory variables - variables of interest as well as control variables

and uij is the error term assumed to be normally distributed that represents factors other

than X that affect yij .

In similar studies, e.g., (Pecorelli et al. 2017; Cakir et al. 2013), the entering criteria for an

explanatory variable into the multivariate model is its performance in univariate analysis

where the statistical significance ranges from p-value < 0.05 to p-value < 0.1. However,

model selections on statistical measures might be misleading, as variables might adjust

the effects of other variables in the model even though they are insignificant in univariate

analysis. Therefore, for the purpose of this thesis, all explanatory variables expected to

have an impact on the dependent variable will be left in the model (Pecorelli et al. 2017;

Cakir et al. 2013).

The normal distribution of all variables is necessary to obtain reliable predictions, however,

as can be observed in the figures A.1-A.3 in the appendix, dependent variables are right-

skewed. In order to mitigate the problem of skewness, the variables will be log-transformed.

24
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5.2 Gauss-Markov assumptions

The Gauss-Markov assumptions must be verified before running any OLS regression in

order to conclude that the OLS estimators are the best linear unbiased estimators. The

exact wording of the multiple linear regression assumptions can be seen in the appendix.

The first assumption is satisfied due to the fact that all of our parameters in the model

are linear parameters. As our data are from one institution and our sample contains all

patients satisfying selection criteria, no additional patients could be included and the

second assumption regarding random sampling is met. No perfect collinearity in regressors

requirement is examined individually in the next chapter using the Variance Inflation

Factor (VIF) method. VIF can be expressed as overall model variance divided by the

variance of a model with only one independent variable and the calculation is repeated for

each explanatory variable independently. We set a value of VIF higher than 5 as a value

concluding collinearity. Last assumption concerning homoskedasticity of the error term can

be checked using one of the most common tests for heteroskedasticity - the Breusch-Pagan

test. To reject or not reject the null hypothesis of homoskedasticity, squared residuals u2̂

must be obtained from the initial multilinear OLS regression and consequently, the u2̂ are

regressed on the independent variables. If the F statistic or LM statistic provides us with

a p-value lower than the given threshold (for the purpose of this thesis the threshold is

set to 0.05), we reject the null hypothesis of homoskedasticity and thus some corrective

measures should be taken.

5.3 Specific models

In this section, we specify the particular multivariable linear OLS models based on the

Equation 5.1. Firstly, the models created to test the hypotheses of type 1 are described

and afterwards we dedicate to the introduction of models for hypotheses of type 2.

OLS models: Hypotheses type 1 testing

The following equations define the specific models created in order to test the first type of

our hypotheses. All models include the same explanatory variables - dummy variables

of interest (all items of the ERAS protocol with average adherence lower than 95%) and

variables providing further information about patient characteristics and colorectal surgery.

However, the explained variables selected to test differ. The first model analyzes the

relationship between the explanatory variables and length of stay in the intensive care
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unit, the second one is dedicated to the length of stay in the surgical ward and the last

one to the total length of hospitalization.

log(los_icu + 1) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_nf + β8a_sbp + β9a_gdft

+ β10a_ertec + β11a_nad + β12a_ef + β13a_epm

+ β14a_ma + β15a_fcr + β16laparoscopy

+ β17tumour + β18rectum

(5.2)

log(los_sw) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_nf + β8a_sbp + β9a_gdft

+ β10a_ertec + β11a_nad + β12a_ef + β13a_epm

+ β14a_ma + β15a_fcr + β16laparoscopy

+ β17tumour + β18rectum

(5.3)

log(los_total) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_nf + β8a_sbp + β9a_gdft

+ β10a_ertec + β11a_nad + β12a_ef + β13a_epm

+ β14a_ma + β15a_fcr + β16laparoscopy

+ β17tumour + β18rectum

(5.4)

As described at the beginning of this section, to verify all remaining OLS assumptions, the

VIF test and Breusch-Pagan test are required to be run. No multicollinearity assumption

was satisfied by the results of the VIF test as no value exceeded the threshold of 5 (see

Table 5.1 for exact results). After running the Breusch-Pagan test for heteroskedasticity,

the last assumption of whether our error term does not exhibit heteroskedasticity is satisfied

only for the first two models. We do not reject the null hypothesis as Breusch-Pagan

tests for models described by Equation 5.2 and Equation 5.3 yield results with p-value

higher than 0.05, thus the variance of the error term in the first two models are considered

constant. However, since the Breusch-Pagan test for the model described by Equation 5.4

showed p-value lower than 0.05, we reject the null hypothesis of homoskedasticity assuming

the constant variance of the residuals. Since heteroskedasticity is presented, the model 5.4

will be estimated using robust standard errors.
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Table 5.1: Variance Inflation Factors I

Variable VIF Variable VIF

age 1.44 a_nf 1.20

sex_m 1.21 a_sbp 1.56

asa_1 1.36 a_gdft 1.42

asa_2 1.89 a_ertec 1.80

bmi 1.23 a_nad 2.11

comorbidity 1.48 a_ef 1.17

a_laparoscopy 1.67 a_epm 1.15

a_tumour 1.56 a_ma 1.04

rectum 2.28 a_fcr 1.16

OLS models: Hypotheses type 2 testing

The effect of adherence to individual items of the protocol is not our only interest. In order

to test the second type of hypotheses, the next three models focus on the relationship

between LOS and the total adherence and monitor the development of LOS with increasing

adherence. Four dummy variables concerning the total adherence to ERAS protocol per

patient in percentage are included as our explanatory variables of interest. In our main

models, the adherence to 75% of items and less is set as our reference group, however,

additional models with different reference groups (a_total81%, a_total88%, a_total94%,

respectively) will be created as well so that we will be able to compare all the levels

of adherence among each other. As in the previous models, the variables providing

information about patients and the surgery are included and the dependent variable differs

across the three models.

log(los_icu + 1) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_total81% + β8a_total88%

+ β9a_total94% + β10a_total100% + β11laparoscopy

+ β12tumour + β13rectum

(5.5)
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log(los_sw) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_total81% + β8a_total88%

+ β9a_total94% + β10a_total100% + β11laparoscopy

+ β12tumour + β13rectum

(5.6)

log(los_total) = β0 + β1age + β2sex_m + β3asa_1 + β4asa_2 + β5bmi

+ β6comorbidity + β7a_total81% + β8a_total88%

+ β9a_total94% + β10a_total100% + β11laparoscopy

+ β12tumour + β13rectum

(5.7)

Again, the models satisfy the remaining assumption of no perfect collinearity (see Table 5.2),

but only the first two satisfy homoskedasticity assumption (their p-values of Breusch-Pagan

tests are higher than 0.05). Therefore, the model 5.7 will be interpreted using robust

standard errors in order to treat for heteroskedasticity.

Table 5.2: Variance Inflation Factors II

Variable VIF Variable VIF

age 1.40 laparoscopy 1.06

sex_m 1.16 tumour 1.25

asa_1 1.30 a_total81% 1.64

asa_2 1.70 a_total88% 1.82

bmi 1.17 a_total94% 1.59

comorbidity 1.49 a_total100% 1.27

rectum 1.30
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6 Results

In this section we finally reveal the results of our models and answer the developed

hypotheses regarding the efficiency of ERAS protocols. The first part examines the impact

of adherence to individual ERAS protocol items and the following part focuses on the

level of total protocol adherence. Lastly, we calculate the possible cost savings related to

the compliance with the clinical protocols.

6.1 Adherence to individual items of the ERAS protocol

Three models have been constructed in order to test our type 1 hypotheses concerning

the adherence to individual items of the protocol. Table 6.1 presents the results of the

estimated coefficients for models described by equations 5.2, 5.3, and 5.4, providing also

corresponding standard errors in brackets (standard errors for model 1 and model 2 and

robust standard errors for model 3).

The next paragraphs are dedicated to the interpretation of the results displayed in Table 6.1.

At first, variables related to the patient demographics and the type of surgery are discussed

for all 3 models jointly, and subsequently we dedicate to the variables of interest (individual

items of the protocol) for each model individually. Due to a large number of variables,

we further focus only on those which remained statistically significant on at least 10%

significance level.

If we focus on the estimated coefficients of variables related to the patient characteristics,

(i.e., age, sex_m, asa_1, asa_2, bmi, and comorbidity), only three of them turned out

as statistically significant. As expected, continuous variable age has a positive sign

which means that older patients are in general associated with prolonged length of stay.

Concerning the magnitude of this estimate it can be stated that each additional year of

patient’s age increases the length of stay at ICU by 0.4%. Moreover, the same holds for

the total length of stay. The differences might seem negligible if patients from similar

age groups are compared, but since patients under the age of 20 as well as patients

over the age of 80 undergo the colorectal surgeries, our estimates evince significance in

magnitude on this scale. Another highly significant variable suitable for interpretation

is a dummy variable sex_m describing the gender of the patient. Males undergoing the

colorectal surgery with ERAS pathway are associated with longer hospitalization times at

ICU (around 17% longer stay) when compared to female patients. The impact of gender
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Table 6.1: OLS regression results - adherence to individual items of the ERAS protocol

Variable M1 (Eq. 5.2) M2 (Eq. 5.3) M3 (Eq. 5.4)

Dependent variable:

los_icu los_sw los_total

age 0.004* 0.004 0.004**
(0.002) (0.003) (0.002)

sex_m 0.154*** 0.004 0.088***
(0.050) (0.063) (0.034)

asa_1 0.131 0.051 0.135
(0.157) (0.198) (0.113)

asa_2 -0.052 0.080 0.020
(0.063) (0.080) (0.050)

bmi 0.000 0.002 0.002
(0.006) (0.007) (0.004)

comorbidity 0.042 0.112 0.076*
(0.042) (0.074) (0.042)

laparoscopy -0.022 -0.130 -0.091*
(0.088) (0.111) (0.069)

tumour -0.098 0.086 0.003
(0.081) (0.103) (0.052)

rectum 0.117* 0.077 0.097*
(0.070) (0.088) (0.051)

a_nf 0.071 -0.055 0.010
(0.057) (0.073) (0.045)

a_sbp -0.091 -0.104 -0.109**
(0.066) (0.083) (0.051)

a_gdft 0.133* 0.209** 0.200***
(0.078) (0.098) (0.056)

a_ertec 0.026 -0.213*** -0.102**
(0.064) (0.081) (0.051)

a_nad -0.007 -0.164** -0.096**
(0.065) (0.083) (0.045)

a_ef -0.299*** -0.024 -0.161**
(0.077) (0.097) (0.064)

a_epm -0.224** 0.037 -0.122*
(0.089) (0.112) (0.062)

a_ma -0.102 -0.104 -0.146**
(0.094) (0.119) (0.067)

a_fcr -0.194*** -0.065 -0.148***
(0.058) (0.073) (0.038)

Intercept 1.644*** 1.422*** 2.210***
(0.288) (0.363) (0.228)

Observations 310 310 310

Adjusted R2 0.159 0.046 0.190

Note: *p<0.1, **p<0.05, ***p<0.01
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difference can be also observed in the total length of stay, since males leave the hospital

after 9% longer period than females. Moreover, the presence of one or more additional

conditions in patient rises the total length of stay by 8% in contrast to otherwise healthy

patient (p<0.1). The results concerning patient characteristics support our predictions

and are in accordance with global studies (Ulf O Gustafsson et al. 2011; Cakir et al. 2013).

Surprisingly no significant correlation was identified between the length of stay and ASA

score of patient as reported by Ulf O Gustafsson et al. (2011).

When examining the results of significant dummy variables providing further information

about colorectal surgery, i.e., laparoscopy, tumour, and rectum, neither of them turned out

to be significant with respect to hospitalization at the surgical ward. As proposed by Vlug

et al. (2011) and Simpson et al. (2015), our findings also indicate the positive impact of the

laparoscopic operational approach on the length of stay. The laparoscopy decreases the

total length of stay by 9% compared to standard open surgery. Even though laparoscopy

was not our main variable of interest, we come to the conclusion that more frequent

use of the laparoscopic procedure could reduce the average LOS and thus minimize the

hospitalization costs. Furthermore, the OLS regression revealed that a patient undergoing

the operation of rectum would expect a prolonged stay (by 12% at the ICU and by 10%

in total) in contrast to colonic operation.

After providing comments on variables that mostly cannot be influenced by the medical

staff, we will now focus on the dummy variables representing nine items of the ERAS

protocol whose average adherence rate was lower than 95%. As stated earlier, for the sake

of clarity, each model will be described separately.

Model M1 is related to the hypotheses concerning the length of stay at the intensive care

unit. The multivariate regression did not confirm any significant correlation between the

LOS at ICU and five out of nine tested items of the protocol, i.e. no fasting, selective

bowel preparation, early removal of the thoracic epidural catheter, no abdominal drain

and multimodal analgesia. On the other hand, four dummy variables - goal-directed

fluid therapy, early feeding, enhanced postoperative mobilization and foley catheter

removal within 48 hours - were identified as statistically significant. However, contrary to

expectations, the estimated coefficient of variable a_gdft yielded a positive sign thus we

cannot support the hypothesis that goal-directed fluid therapy decreases the postoperative

length of stay at the intensive care unit. The estimated coefficients of remaining dummy

variables a_ef, a_epm, and a_fcr turned out with negative signs as assumed based on

31



6 RESULTS

the purpose of the ERAS protocols. However, since all of these components fall into the

category of early postoperative period which is provided within the first days after surgery

while the patient is usually hospitalized at the intensive care unit, the apparent correlation

between successful adherence to these items and early transfer from the intensive care

unit to the surgical ward can be anticipated. Therefore, we will neither interpret the

magnitude of these coefficients nor focus on the relationship between postoperative items

and the length of stay at ICU in further analysis. In summary, the model 1 supported

the hypotheses that adherence to early feeding, enhanced postoperative mobilization and

early foley catheter removal decreases the postoperative length of stay at the intensive

care unit.

In order to test the hypotheses related to the length of stay at the surgical ward, model

M2 has been constructed. Estimates of three coefficients came out to be significant, while

two of them are of negative sign (dummy variables a_ertec, a_nad). This allows us to

support the hypotheses that adherence to early removal of the thoracic epidural catheter

and adherence to no abdominal drain decreases the postoperative length of stay at surgical

ward by 15% and 18%, respectively, compared to patient care without the adherence to

these items.

Examining the last model M3 listed in Table 6.1 we observe that the estimated coefficients

of seven ERAS protocol items turned out to be statistically significant (i.e. the p-value is

lower than 0.1) and of expected signs. The hypotheses of type 1 concerning total length

of stay cannot be supported for variable a_gdft (due to its opposite sign) and for variable

a_nf (because of its insignificance). As for the remaining variables, we can hypothesize

that the total length of stay is decreased by the adherence to the following items: selective

bowel preparation (10% decrease), early removal of the thoracic epidural catheter (10%

decrease), no abdominal drain (9% decrease), early feeding (15% decrease), enhanced

postoperative mobilization (14% decrease), multimodal analgesia, and early foley catheter

removal (14% decrease). With respect results suggested by Ulf O Gustafsson et al. (2011)

and Cakir et al. (2013) we confirm the importance of enhanced postoperative mobilization

as well as preoperative bowel preparation. Moreover, obtained results further support the

role of Foley catheter removal as being predictor of reduced LOS as proposed by Yip et al.

(2016) and Feroci et al. (2013).
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6.2 The level of adherence to the ERAS protocol

If we now turn to the second type of hypotheses, the point of interest is the relationship

between different levels of adherence to the ERAS protocols as a whole and the length of

stay. Three models that have been created for this purpose are summarized in Table 6.2.

The standard errors are provided in the brackets, and in case of model M6, robust standard

errors are provided. In the next three paragraphs we discuss the results for each model

independently. Since the coefficients of variables describing patients’ demographics and

type of surgery are of the same signs and similar magnitudes as those obtained in models

M1, M2, and M3, we do not focus on their interpretation in this case. Therefore, in the next

three paragraphs, we investigate only the estimates of variables of interest (a_total81%,

a_total88%, a_total94%, a_total100%). As can be observed, the signs of estimated

coefficients of these variables turned out as expected for all three models, meaning that

with increasing adherence the average LOS at ICU, SW, as well as total LOS, decreases;

however, not all of the coefficients remained statistically significant under 10% significance

level.

Moving on the first model M4 in Table 6.2 estimating the influence of ERAS adherence

on the length of stay at the intensive care unit, two of the variables describing adherence

are statistically significant - variable a_total94% and a_total100%. We can conclude that

as for patients, those with adherence to the ERAS protocol equal to 94% and 100% are

estimated to spend about 16% and 25%, respectively, less time at the intensive care unit

then the patients with adherence lower or equal to 75% who are the same in other respects.

As for model M5 devoted to the examination of LOS at the surgical ward, only variable

a_total94% turns out to be statistically significant and thus supports the hypothesis that

the 94% adherence to the ERAS protocol significantly decreases the length of stay at

surgical ward (by 17%) when compared to the adherence lower or equal to 75%.

As for the last model M6 with dependent variable total length of stay, the estimated

coefficients of all four variables of interest yielded significant results. Thus there is an

evidence to support our hypotheses that the adherence to 81%, 88%, 94% and 100%

of items of the ERAS protocol reduces the total LOS by 10%, 10%, 16%, and 28%,

respectively, compared to the adherence lower or equal to 75%.

Moreover, since we are interested in the comparison of different levels of total adherence,

tables summarizing six more models with different reference groups can be seen in the

33



6 RESULTS

Table 6.2: OLS regression results - total adherence I

Variable M4 (Eq. 5.5) M5 (Eq. 5.6) M6 (Eq. 5.7)

Dependent variable:

los_icu los_sw los_total

age 0.004 0.003 0.004*
(0.003) (0.003) (0.002)

sex_m 0.159*** -0.030 0.070**
(0.052) (0.062) (0.035)

asa_1 0.183 0.003 0.120
(0.162) (0.196) (0.117)

asa_2 -0.012 0.069 0.032
(0.063) (0.076) (0.050)

bmi -0.001 0.006 0.004
(0.006) (0.007) (0.004)

comorbidity 0.046 0.112 0.073*
(0.062) (0.075) (0.043)

laparoscopy -0.104 0.026 -0.047
(0.074) (0.089) (0.058)

tumour -0.134 0.040 -0.051
(0.077) (0.093) (0.046)

rectum 0.073 0.131* 0.102**
(0.056) (0.068) (0.044)

a_total81% -0.018 -0.131 -0.102*
(0.070) (0.085) (0.058)

a_total88% -0.079 -0.114 -0.110**
(0.068) (0.082) (0.052)

a_total94% -0.178** -0.188* -0.171***
(0.086) (0.104) (0.060)

a_total100% -0.284** -0.215 -0.327***
(0.125) (0.152) (0.063)

Intercept 1.267*** 1.612*** 1.883***
(0.258) (0.313) (0.204)

Observations 310 310 310

Adjusted R2 0.070 0.027 0.115

Note: *p<0.1, **p<0.05, ***p<0.01
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appendix. The OLS assumptions of all the models in appendix have been verified using

the same tests as previously described models and in case of heteroskedasticity, robust

standard errors are implemented. The estimates for dependent variable LOS at the surgical

ward did not yield any significant variables, thus are not reported; however, models using

dependent variable LOS at the ICU and total LOS revealed some interesting estimates

which can be seen in Table A.1 and Table A.2. As in previous models, we only focus on

the statistically significant coefficients and the following statements about the LOS at

the ICU can be supported based on the models M7, M8 and M9. The 94% and 100%

adherence to the ERAS protocol significantly decreases the length of stay at intensive care

unit (by 14% and 23%, respectively) when compared to the 81% adherence. Moreover,

the estimate of variable a_total100% indicates that patients with adherence to all items

of the ERAS protocol (100% adherence) spend about 19% less time at the intensive care

unit than otherwise comparable patients with 87% adherence. Interpreting the models in

Table A.2 estimating the relationship between explanatory variables and the total length

of stay we can conclude that increasing ERAS protocol adherence from 81%-88% to 94%

or 100% significantly reduces the total length of hospitalization after surgery. Our findings

are in accordance with global studies proposing that higher ERAS pathway adherence

minimizes the average length of stay (Ulf O Gustafsson et al. 2011; Feroci et al. 2013;

Pecorelli et al. 2017).

6.3 Cost savings calculation

Finally, we will assign monetary values to the results obtained and described in the

previous parts of this section. In order to calculate the cost savings related to the higher

adherence and thus answer our main economic questions, we first compute the average

price per a day at the intensive care unit and surgical ward as well as the average cost

per day at the hospital, and subsequently, we apply the amounts to the results of our

regressions. The amounts are expressed both in CZK and in euros using the average

exchange rate corresponding to the period of data collection (CZK 1 = EUR 0.0382).

Using data from the Advance Healthcare Management Institute described in section 4.5,

the average cost per day at the intensive care unit calculated on a sample of 126 patients

who underwent colorectal surgery equals CZK 8,531 (EUR 326) and a day at the surgical

ward calculated on the same sample costs CZK 927 (EUR 35). Moreover, the average

price per a day at the hospital after a surgery is estimated to be CZK 4,163 (EUR 159).

Knowing the average hospitalization prices, we are able to quantify the price savings
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arising from the adherence to the enhanced recovery after colorectal surgery protocol and

answer the following questions:

1. How much do the costs related to the length of stay differ considering adherence to the

individual items of the ERAS protocol?

We can conclude that adhering to no abdominal drain and early removal of the thoracic

epidural catheter during colorectal surgery decreases the cost of total length of stay per

patient by CZK 3,942 (EUR 151) and CZK 4,364 (EUR 167), respectively, relative to no

compliance to the items. Moreover, the cost of length of stay after colorectal surgery per

patient whose care includes selective bowel preparation drops by CZK 4,247 (EUR 162)

on average compared to patient without the selective bowel preparation.

Careful attention must be paid in case of postoperative ERAS items as outline earlier. These

results might be biased as the correlation between LOS at intensive care unit (where the

per day expenditures are significantly higher than at surgical ward) and the postoperative

care is presented. However, there is evidence to suggest that the adherence to early

foley catheter removal, multimodal analgesia, early feeding and enhanced postoperative

mobilization decreases the total costs of the length of stay by CZK 6,086 (EUR 233), CZK

6,267 (EUR 239), CZK 7,616 (EUR 291) and CZK 5,478 (EUR 209), respectively.

2. How much do the costs related to the length of stay differ considering different levels of

total adherence to the ERAS protocol?

The regression results indicate that the cost of length of stay at the intensive care unit

per patient with 94% ERAS protocol adherence is reduced by CZK 6,162 (EUR 235) and

CZK 5,103 (EUR 195) compared to a patient with ERAS adherence lower or equal to 75%

and 81% adherence, respectively. Only one statement can be made regarding the surgical

ward expenditures. We found out that increasing the level of ERAS adherence from 75%

to 94% corresponds to decreased expenditures at the surgical ward by around CZK 1,099

(EUR 42) per patient.

Lastly, we have managed to find the association between the different levels of protocol

compliance and reduced hospitalization costs regardless of the ward. We hypothesize that

the total cost of the length of stay per patient, during whose surgical process was adhered

to 81%, 88%, 94% of the items of ERAS protocol, decreases on average by CZK 4,783

(EUR 183) and CZK 4,783 (EUR 183) and CZK 7,652 (EUR 292), respectively, compared
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to patients with adherence lower or equal to 75%. Further, the cost of hospitalization

per patient with 94% ERAS protocol adherence is reduced by CZK 3,810 (EUR 146) and

CZK 3,387 (EUR 129) in comparison to a patient who is reaching adherence of 81% and

88%, respectively.
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7 Conclusion

This thesis investigates the possibility of more efficient standardized patient care. In

developed countries, the healthcare expenditures as well as the demand for healthcare

increases every year, therefore one of our main motivation was to furnish evidence about

feasible ways to positively influence the healthcare sector. The purpose of this thesis

was to prove that higher adherence to enhanced recovery after surgery (ERAS) protocol

increases its efficiency by achieving lower expenses and higher productivity due to the

decreased patient length of stay.

In order to analyze the influence of ERAS protocol adherence, a de-identified dataset

containing information about patients who underwent colorectal surgery in Motol University

Hospital was used. Subsequently, we constructed two types of models. The first one

examined compliance with individual items of the protocol and the second one was

dedicated to the inspection of different levels of total adherence.

In general, our results indicated that the ERAS protocols are more efficient when a higher

adherence is attained. More specifically, we have reached the conclusion that there is an

inverse relationship between the length of stay after colorectal surgery and the ERAS

protocol adherence. There is evidence to hypothesize that increasing ERAS protocol

adherence from 75% or less to 81%, 88%, or 94% reduces the length of hospitalization after

surgery per patient by 10%, 10%, and 16%, respectively. Assigning monetary values to

our results lead us to conclude that the cost of the length of stay per patient decreases on

average by CZK 4,783 (EUR 183) and CZK 4,783 (EUR 183) and CZK 7,652 (EUR 292),

respectively, under the above-described adherence levels. We can suggest that increasing

adherence from the lowest levels (75% or less) to any higher adherence level results in

decreased length of stay and reduced costs. However, as can be observed, the results for

88% adherence do not differ from the ones for 81% adherence, while the 94% adherence

level again ensures significantly reduced length of stay. Therefore, reaching at least 81%

or 94% adherence level should be the main objective of medical staff.

The inspection of compliance with individual ERAS components confirmed that the

majority of the items which were have been tested are independent predictors of a

decreased length of patient hospitalization. However, the most significant findings revealed

that adhering to no abdominal drain and early removal of the thoracic epidural catheter

during colorectal surgery decreases the length of stay by 9% (CZK 3,942 or EUR 151
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saving per patient) and 10% (CZK 4,364 or EUR 167 saving per patient) respectively,

relative to no compliance with these items. The obtained results could be beneficial for

the hospital staff and management, since they indicate which individual items across the

whole protocol bring the greatest benefits and increase the efficiency of inpatient care

most significantly.

In summary, we have managed to prove that higher ERAS adherence level is a powerful

tool to decrease patient length of hospitalization and thus reduce overall expenditures.

We can hypothesize that closer adherence to enhanced recovery after surgery (ERAS)

protocols increases their efficiency and therefore contributes to overall cost savings in the

healthcare industry.

The main limitation of this study lies in the fact that we investigated only the impact on the

length of stay, while ERAS protocols have been also proved to be beneficial in other aspects

that probably influence the overall efficiency. By inspecting the development of patients

postoperative complications and surgical process under different levels of adherence, we

would obtain more precise data about the benefits of higher ERAS adherence and its

efficiency. Furthermore, given the small sample size and a high number of independent

variables included, the interpretation of some estimated variables might be biased. Lastly,

more factors that probably influence the length of stay, (e.g., complications arising during

the surgery), could be among the control variables.
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A Appendix

Right skewness of dependent variables

Figure A.1: Distribution of length

of stay at the intensive care unit

Figure A.2: Distribution of length

of stay at the surgical ward

Figure A.3: Distribution of total

length of stay
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A APPENDIX

The Gauss-Markov assumptions

The Gauss Markov theorem demonstrates that if the following assumptions are met, the

ordinary least squares estimate for regression coefficients gives us the best linear unbiased

estimate possible wooldridge2016introductory.

Assumption MLR.1 (Linear in parameters)

The model is linear in parameters.

Assumption MLR.2 (Random Sampling)

We have a random sample of n observations following the population model in Assumption

MLR.1.

Assumption MLR.3 (No perfect Collinearity)

In the sample, none of the independent variables is constant, and there are no exact linear

relationships among the independent variables.

Assumption MLR.4 (Zero Conditional Mean)

The error u has an expected value of zero given any values of the independent variables.

Assumption MLR.5 (Homoskedasticity)

The error u has the same variance given any value of the explanatory variables.
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A APPENDIX

Additional OLS models

Table A.1: OLS regression results - total adherence II

M7 M8 M9

Dependent variable:

los_icu los_icu los_icu

age 0.004 0.004* 0.005*
(0.003) (0.004) (0.003)

sex_m 0.159*** 0.158*** 0.155***
(0.051) (0.051) (0.052)

asa_1 0.166 0.174 0.171
(0.162) (0.162) (0.163)

asa_2 -0.017 -0.018 -0.030
(0.063) (0.063) (0.063)

bmi 0.002 0.002 0.002
(0.006) (0.006) (0.006)

comorbidity 0.039 0.041 0.036
(0.062) (0.062) (0.062)

laparoscopy -0.097 -0.093 -0.083
(0.074) (0.074) (0.074)

tumour -0.136 -0.136* -0.144*
(0.077) (0.077) (0.077)

rectum 0.071 0.041 0.092*
(0.056) (0.055) (0.054)

a_total≤75% 0.087 0.127 0.165*
(0.089) (0.088) (0.093)

a_total81% - 0.049 0.088
(-) (0.059) (0.067)

a_total88% -0.054 - 0.031
(0.058) (-) (0.062)

a_total94% -0.152* -0.107 -
(0.078) (0.075) (-)

a_total100% -0.259** -0.214* -0.168
(0.119) (0.117) (0.120)

Intercept 1.245*** 1.194*** 1.144***
(0.254) (0.251) (0.254)

Observations 310 310 310

Adjusted R2 0.072 0.071 0.066

Note: *p<0.1, **p<0.05, ***p<0.01
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Table A.2: OLS regression results - total adherence III

Variable M10 M11 M12

Dependent variable:

los_total los_total los_total

age 0.004** 0.004** 0.004**
(0.002) (0.002) (0.002)

sex_m 0.068* 0.068* 0.065*
(0.035) (0.035) (0.035)

asa_1 0.118 0.121 0.113
(0.111) (0.111) (0.114)

asa_2 0.026 0.026 0.015
(0.051) (0.051) (0.051)

bmi 0.004 0.005 0.005
(0.005) (0.004) (0.005)

comorbidity 0.068 0.073 0.065
(0.042) (0.042) (0.043)

laparoscopy -0.040 -0.034 -0.028
(0.060) (0.060) (0.061)

tumour -0.052 -0.052* -0.061
(0.045) (0.045) (0.044)

rectum 0.106 0.110 0.122***
(0.044) (0.043) (0.043)

a_total≤75% 0.116 0.124* 0.136*
(0.073) (0.070) (0.074)

a_total81% - -0.017 -0.006
(-) (0.048) (0.053)

a_total88% -0.033 - -0.010
(0.044) (-) (0.043)

a_total94% -0.092* -0.080* -
(0.054) (0.047) (-)

a_total100% -0.249*** -0.236*** -0.220
(0.056) (0.049) (0.053)

Intercept 1.805*** 1.782*** 1.767***
(0.190) (0.190) (0.197)

Observations 310 310 310

Adjusted R2 0.112 0.111 0.105

Note: *p<0.1, **p<0.05, ***p<0.01
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