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LIST OF ABBREVIATIONS

ACE: 			   angiotensin converting enzyme

ANOVA: 		  analysis of variance

ASA: 			   American Society of Anesthesiologists

ATII: 			   angiotensin 2

AUC: 			  area under curve

Eadyn: 		  dynamic arterial elastance, PPV/SVV ratio

AVA: 			   automatic vascular analysis

BMI: 			   body mass index

BSA: 			   body surface area

CB: 			   controlled breathing at a respiratory frequency of 10 breaths/minute

CI:	  		  confidence interval

CO: 			   cardiac output

COPD: 		  chronic obstructive pulmonary disease

DBP: 			   diastolic blood pressure

DICA: 		  Dutch Institute of Clinical Auditing

ERAS: 		  enhanced recovery after surgery

FFP: 			   fresh frozen plasma

GDT: 			  goal-directed therapy

HIPEC: 		  hyperthermic intraperitoneal chemotherapy

HLOS: 		  hospital length of stay

HR: 			   heart rate

HRS: 			   heart reference system

ICU: 			   intensive care unit

ICU: 			   intensive care unit

IQR: 			   interquartile range

LED: 			   light emitting diode

LOS: 			   length of stay

MAP: 			  mean arterial pressure

METS: 		  metabolic equivalents

MFI: 			   microvascular flow index

MI: 			   myocardial ischemia

n/a: 			   not applicable

n: 			   numbers

NICE: 			  National Institute for Health and Care Excellence

OR: 			   odds ratio

PBR: 			   perfused boundary region

PONV: 		  postoperative nausea and vomiting

PP: 			   pulse pressure



PPmax/PPmin: 	 pulse pressure (maximum or minimum)

PPV: 			   proportion of perfused vessels

PPV: 			   pulse pressure variation (PPV (%) = 100 * (PPmax-PPmin)/((PPmax+PPmin)/2)).

PRBC: 		  packed red blood cells

PVD: 			   perfused vessel density

RM: 			   repeated measures

ROC: 			  receiver operating characteristic

RR: 			   Riva-Rocci, blood pressure

CI: 			   cardiac index of confidence interval

S1P: 			   sphingosine-1-phosphate

SD: 			   standard deviation

TB: 			   Trendelenburg position

SDF: 			   sidestream dark field

SSS: 			   supine steady state

SV: 			   stroke volume

SvO2: 		  venous oxygen saturation

SVRi: 			  systemic vascular resistance index

SVV: 			   stroke volume variation (SVV (%) = 100 * (SVmax-SVmin)/((SVmax+SVmin)/2)).

TAPSE: 		  tricuspid annular plane systolic excursion

TVD: 			   total vessel density

TXA: 			   tranexamic acid

US: 			   United States of America

VM: 			   Valsalva manoeuvre
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INTRODUCTION

This thesis aimed to assess and explain variation in perioperative practices for elective medium-to-

high-risk abdominal surgery. Although perioperative mortality rates decreased substantially over 

years for abdominal surgery, perioperative complication rates are still a significant burden for patients 

and society. Can we distill a best practice strategy aimed at complication reduction? What are the 

underlying physiological principles and how can these findings be translated to daily clinical practice? 

What is the role of dynamic indices in predicting fluid responsiveness? And what is the effect of fluid 

loading on glycocalyx integrity? Will forced optimization of hemodynamics in abdominal surgery 

result in improvement of microcirculatory perfusion at all? This thesis therefore outlines the role of 

standardization and hemodynamic optimization using goal directed therapy (GDT) for detection and 

treatment of hemodynamic imbalances. 

Perioperative morbidity and mortality
In 2010, more than 1.4 million surgical procedures were performed in the Netherlands, and approximately 

313 million surgical procedures annually worldwide.(1, 2) A Dutch analysis of 3.7 million elective open 

surgical procedures performed between 1991 and 2005 showed a postoperative all-cause mortality 

rate (death during the initial postoperative hospital stay or 30-day-postoperative) of 1.85 %.(3) In this 

analysis, type of surgery was an important determinant of postoperative mortality risk. In particular, 

for all abdominal surgical procedures (1.2 million), mortality was 2.73 %.(3) A European 7-day cohort 

study additionally showed extensive geographic variation in in-hospital mortality after surgery, with 

mortality rates ranging from 1.2 % to 21.5 %.(4) In this cohort study, the in-hospital mortality rate in the 

Netherlands was 2.0 %.(4) 

The VISION study (Vascular Events in Noncardiac Surgery Patients Cohort Evaluation) showed a 30-day 

mortality of 1.2 % for the total group of patients for major and low risk surgery, as well as for elective and 

urgent surgery.(5) In the ISOS (International Surgical Outcomes Study group, data from 2014) an overall 

mortality of 2.8 % was found for all patients developing complications.(6)

More recent studies show lower 30-day postoperative mortality rates in the US or in the Netherlands 

compared to mentioned studies above (published from 2010 to 2017).(3-8) In particular, the most 

recent Dutch multicentre evaluation of postoperative mortality and mortality in a population of elective 

medium to high-risk surgery (TRACE study) only showed 30-day mortality rates of about 0.5%.(8) These 

lower mortality rates are attributed to surgical risk protocols, prehabilitation interventions, introduction 

of early warning systems and the availability of acute intervention teams. 

Postoperative mortality within 30 days after surgery is however still the third leading cause of all deaths 

in the world (accounting for 7.7 % of all deaths).(2) 

Moreover, cumulative complication rates remain high despite the introduction of perioperative quality 

improvement programs. For example, the Dutch ColoREctal Audit showed in 2018 that the occurrence 

of any complication within 90 days after colonic or rectal surgery is 28.7% and 34.9 %, respectively, and 
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mortality rates within 90 days after surgery for these procedures are 3.2% and 1.2 %, respectively.(9) 

The distribution of complications is inhomogeneous, i.e. most postoperative complications occur in 

a relatively small group of patients with the highest surgical risk.(10-12) These complications result in 

longer postoperative recovery times and higher costs, with costs rising up to 172%.(13, 14) 

In general, older patients have higher incidences of perioperative complications, and frailty is one factor 

underlying this phenomenon.(15) The term frailty is described by a bundle of geriatric characteristics 

indicating decreased patient reserves, both age-related as well as disease-related, like for example 

nutritional status, cognition or mobility.(15, 16) Frailty can lead to a cascade of undesirable circumstances 

like increased incidence of complications and consequently higher mortality for occurred complications 

(i.e. failure to rescue, as described by Ghaferi).(16, 17) Failure-to-rescue is therefore defined as perioperative 

mortality due to non-diagnosis and non-treatment of postoperative complications; of all in-hospital 

mortality. Internationally, 3.1 % of deaths are estimated to be potentially avoidable.(12, 18) In the Dutch 

TRACE study however, incidence of failure to rescue was only 0.23 %.(8) A significant proportion of 

postoperative mortality can be assigned to frailty on itself, i.e. without preceding complications (direct 

frailty-related mortality), however occurrence of complications plays an even greater role (indirect 

frailty-related mortality).(16) Most complications occur later in the postoperative period, suggesting 

intended gains in outcome to be sought in that period.(12) Therefore, dedicated postoperative patient 

visits can contribute to prevention of postoperative complications. The TRACE study could however 

not demonstrate a reduction in complications after the introduction of postoperative visits by an 

anesthesiologist, besides lower incidence of any renal complication, possibly due to already very low 

complication rates in the control group.(8) 

In summary, the risk of unfavorable postoperative outcome has reduced over time, but is still existing 

in case of specific surgical procedures and frail patients, and the risk varies among countries. Modern 

perioperative strategies aim for a reduction in complications and unfavorable outcome, and frequently 

include preoperative risk assessment, intraoperative patient optimization strategies and postoperative 

complication grading to achieve this.

Preoperative risk assessment 
There are numerous tools for perioperative risk estimation, requiring objective characteristics or objective 

characteristics combined with a subjective estimation of the surgical risk.

Many perioperative surgical risk assessment tools exist. The most eligible tools are described in table 1 

below, but this table is far from complete and validation is not generalizable.(19) 

 

The National Institute for Health and Care Excellence evaluated more than half of the tools described 

in table 1. In general, the quality of evidence was low or very low, with significant risks of bias and 

inconsistencies. In their analyses, a concordance of > 80 % was considered as an adequately predictive 

test and a concordance of >90 % as an excellent test. A concordance of <70 % was considered poorly 
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predictive.(20) Therefore, in concordances for the tools as described below, predictive value ranges 

for mortality are wide and consequently questionably contributing. All tools were less predictive for 

morbidity with predictive accuracies of 60-70 %, but could still have added value for preoperative risk 

estimation.(20) In a study by Wong et al. the SORT tool (Surgical Outcome Risk Tool) discriminated best 

for 30-day mortality, but subjective assessment was equally predictive. Combining the SORT tool and 

subjective assessment increased discrimination.(21) All tools however overestimated mortality risk.(21) 

Of these, the POSPOM (PreOperative Score to predict PostOperative Mortality) and NSQIP (National 

Surgical Quality Improvement Program) can be recommended as calculating tool, while ASA-PS 

(American Society of Anesthesiologists Physical Status classification system) and CFS (Clinical Frailty 

Scale) can be recommended for clinical bedside use due to easy use combined with acceptable 

predictive accuracy (AUC respectively 0.78 for general surgery and 0.81).(19) 

Kivrak recommends POSPOM (only objectifiable input) and NSQIP (high discriminative power for the 

largest population). In their study tools with higher AUC values are less attractive for daily clinical use due 

to less applicability (SORT) or limited validation (GRCRI (Goldman Revised Cardiac Risk Index), main focus 

on cardiac events).(19) In Dutch clinical practice especially the ASA-PS or in short ASA-score is used for 

preoperative risk stratification by anesthesiologists. 

Risk estimation tools are developed to help clinical-decision-making in the preoperative period to take 

proportional precautions.(22) In light of reported outcomes by the different risk estimation tools and the 

currently increased focus on failure to rescue, it can be defended to state that surgical risk calculation 

tools only focusing on mortality have decreased clinical additional value. Ideally, the preoperative 

risk estimation is combined with intraoperative characteristics to detect patients with increased 

postoperative risks.(22)
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Tool Parameters Validation AUC

ESC/ESA European Society of 
Cardiology and European 
Society of Anaesthesiology

Urgency
Surgical risk estimation
Cardiovascular function
Cardiac risk factors
Functional capacity

- -

GRCRI Goldman Revised Cardiac 
Risk Index

Type of surgery
Comorbidity
Cardiac symptomatology and risk 
factors / ECG

Predicted mortality
Predicted major 
cardiac event

0.73

POSSUM Physiological and Operative 
Severity Score for the 
enUmeration of Mortality 
and morbidity

Age
Cardiorespiratory function
Vitals and laboratory results 
ECG
Urgency
Surgical risk estimation and 
intraoperative surgical characteristics

Predicted mortality

Predicted morbidity

0.82

0.75

(Revised) 
ACPGBI

Association of 
ColoProctologists of Great 
Britain and Ireland

Age
ASA classification
Dukes stage
Urgency
Type of surgery

Predicted mortality -

E-PASS modified Estimation of 
Physiologic Ability and 
Surgical Stress score

Age/weight 
Cardiorespiratory function / 
comorbidity
Intraoperative surgical characteristics
Performance status
ASA classification

Comprehensive risk 
score (preoperative 
risk score and surgical 
stress score) 
Predicted mortality
Predicted morbidity

0.83
0.67 

POSPOM PreOperative Score to 
predict PostOperative 
Mortality

Type of surgery
Age
Comorbidity

Predicted mortality 0.78

CFS (32) Clinical Frailty Scale 9-scale performance status Predicted mortality 0.81

ASA-PS American Society of 
Anesthesiologists Physical 
Status classification system

Comorbidity
Urgency

Predicted mortality
Predicted morbidity

0.77
0.69

SORT Surgical Outcome Risk Tool Type of surgery
Surgical risk estimation
ASA-PS score
Urgency
Clinical risk estimation

Predicted mortality 0.906

NSQIP National Surgical Quality 
Improvement Program

Type of surgery
Age & demographics
Performance status
Urgency
ASA-PS classification
Acute and chronic comorbidity
BMI calculation
Clinical risk estimation

Predicted mortality
Predicted morbidity

Predicted hospital 
length of stay

0.83
0.63

Table 1. General overview of perioperative risk estimation tools (19, 20, 23-31) 
IHD: ischemic heart disease; CHF: congenital heart failure; TIA: transient ischemic attack; ECG: electro cardiography; 
BMI: body mass index; AUC: area under the curve (C-statistic (median))
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Intraoperative patient optimization
The introduction of several quality improvement programs, like fast-track recovery programs and 

Enhanced Recovery After Surgery (ERAS), has shown to contribute to improved outcome following 

surgery.(33, 34) ERAS is a bundle of perioperative measures designed to reduce the perioperative stress 

for patients in major surgeries and exists for different specialties, with a common trunk of ERAS principles.

(35) Although these bundles of measures will result in a more unambiguous perioperative treatment, 

improvements in outcome depend to a great extent on adherence to the protocol.(36) 

The strength of perioperative bundles partly lies in standardization of the perioperative process. 

Disparities in the quality of care are a common denominator for a variation in clinical outcome.(37) 

Reduction in clinical variation is therefore believed to be in favor of patient outcome.(38) Defining best 

practices for procedures by benchmarking is an important step towards a reduction in variation in clinical 

care. Derived clinical practice guidelines should lead to distillation of best effective care only and lead to 

quality improvement and cost reduction.(39) However, a reduction in clinical variation is more complex 

than implementation of standardization and best practices alone. Several reports suggest that changes 

in perioperative practice are sometimes difficult to achieve (compliance) and variation in practice is by 

some physicians considered as acceptable in providing custom-made care.(35, 38, 40) Besides, variation 

in outcome is subject to patient characteristics(41), and in smaller patient samples the effects of chance 

will become more prominent in ranking hospital outcomes.(42) Therefore, data on patient outcome 

related to variation in clinical practice must be interpreted with caution.

Postoperative morbidity assessment
Complications resulting from surgical procedures can be graded according to the method of Clavien 

and Dindo, the Postoperative Morbidity Score (POMS) or the Comprehensive Classification Index (CCI).

(43-45) There is an association between the severity of postoperative complications with adverse patient 

outcomes and hospital length of stay.(46, 47) A limitation of this type of classification is that specific 

disease conditions, like oncological disease, may have an unbalanced impact on the association of 

complication severity and outcome due to the severity of the primary disease. For instance, the CCI 

converts complications corrected for severity by a weighting factor to result in a score from zero (no 

complication) to 100 (death).(45) Since oncologic resections are considerably represented in the total 

spectrum of surgical procedures, the number of complications in the oncologic resection group put a 

significant weight on the association between postoperative complications and outcome.(46)

As first partial conclusion, perioperative adverse events are a significant burden for patients, hospitals 

and society, both for patient recovery times, patient quality of life as for financial reasons. Besides, these 

negative effects do not only apply for the short term, but continue to pursue patients on longer terms, 

especially patients with oncologic diseases. However, data on outcome related to variation must be 

interpreted with caution.
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HEMODYNAMIC OPTIMIZATION OF PATIENTS

A fundamental part of perioperative improvement strategies is hemodynamic optimization by fluid 

resuscitation or the use of vasopressors and inotropes in order to maintain or improve tissue perfusion 

and metabolism. Perioperative tissue perfusion and metabolism is, among others, affected by anesthesia, 

blood loss, patient renal function and dilution. In this paragraph a concise overview is given of key pillars 

in the perioperative hemodynamic optimization of patients. 

Assessment of the intravascular fluid balance and hemodynamics of patients is often based on multiple 

derived parameters and estimations, including the measurement or deduction of filling pressures, 

vasomotor tone, cardiac function and output and blood pressure.(48) The optimal measurement 

method would comprise regional or local tissue perfusion and metabolism, but due to the lack of 

accurate measurement methods these parameters are frequently derived from global tissue perfusion 

indices like base excess or lactate. Moreover, these are influenced by anesthetic medication, metabolic 

rates, fluid loss and intraoperative positive end-expiratory pressure (PEEP) levels.(48) 

Accuracy and precision
Many minimal- or non-invasive hemodynamic devices for measuring dynamic indices in the perioperative 

setting are developed over time to approximate earlier defined and more invasive gold standard 

devices. Evaluation of these minimal- or non-invasive hemodynamic devices is essential to determine 

their supposed beneficial effects. Accuracy and precision are two key terms in evaluating hemodynamic 

devices. Accuracy refers to the bias between the evaluated device and the gold standard device (i.e. 

structural error between devices). Precision refers to the standard deviation of the bias (i.e. random error 

between devices.(49) Since precision is dependent on the value of the represented parameter (e.g. 

cardiac output) itself, a parameter called percentage of error is introduced for comparison (confidence 

interval of the bias/mean of the CO), where a percentage error < 30 % is considered acceptable.(50)

When evaluating non-invasive CO monitoring devices compared to a bolus thermodilution method as 

reference technique, the percentage error is high (47 %).(49) However, non-invasive CO monitors are 

predominantly evaluated in an intensive care or cardiac surgical setting, and the findings are therefore 

less representative for an abdominal surgical setting. Moreover, when using bolus thermodilution as 

reference method, low precision errors must be warranted, otherwise tight percentage error values will 

possibly be too tight, i.e. the evaluated device will too often be inferior to the reference device.(49) The 

used Nexfin device in our study had percentage errors of 24-58 % compared to the bolus thermodilution 

method.(51) 

As second conclusion, precision and accuracy are key terms in evaluating non-invasive -and minimally 

invasive CO monitoring devices. However, until now none of these devices is considered equivalent 

in percentage error values to the commonly used reference method (bolus thermodilution). Since 

the reference method itself potentially has higher precision errors, it can be questioned whether tight 

percentage error values for evaluated devices are appropriate.
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Frank-Starling
The physiologic effect of a fluid bolus on cardiac function is schematically described in the Frank-Starling 

curve.(52) The Frank-Starling curve describes the relationship between the cardiac preload (described as 

end-diastolic volume or pressure) and the resulting cardiac output.(53) In case of a normal heart, every 

increase in end-diastolic pressure after volume loading will result in an increase in cardiac output, due 

to optimization of the length of the cardiac muscle fibers in order to maximize contraction force.(53) 

In case of a failing heart, the Frank-Starling curve has changed downwards and is flattened, expressing 

overdistension of the cardiac fibers resulting in lower maximum cardiac output for a given preload. If 

this leads to incomplete emptying of the ventricle, the residual volume will increase the preload and will 

result in an increase in end-diastolic pressure and, to a certain extent, cardiac output. As the end-diastolic 

ventricular filling pressures increase, the risk of congestion increases too.(53) Later, the Frank-Starling 

principles were nuanced, since in case of repeatedly fluid loading, not only cardiac output reaches a 

plateau, but end-diastolic filling pressures increased less than expected according to the traditional 

predictions, possibly due to hydrostatic pressure based extravasation.(52, 54)

The translation of the principles of the Frank-Starling curve to fluid optimizing strategies results in 

the following distribution: Patients in the steep part of the curve are considered hypovolemic, and an 

increase in de preload will result in an increase in stroke volume. Patients in the plateau part of the curve 

are considered normovolemic and an increase in the preload will not result in a significant increase in 

stroke volume.(55) Goal-directed therapy approaches often use the sorted effect of fluid boluses on 

stroke volume to determine the fluid responsiveness, a phenomenon called stroke volume optimization.

(55, 56) Theoretically, the aim is to titrate fluids such that the patient is just in the flattened part of the 

curve. Often, fluid management is supported with vasopressors and/or inotropes. However, determining 

this flattened part of the curve can be challenging in a dynamic perioperative setting. 

Influence of hemodynamic fluid management on macrocirculation & 
microcirculation
The microcirculation is the area where oxygen, carbon dioxide and nutrients are exchanged. It consists 

of a network of arterioles, capillaries and venules.(57) 

Convection and diffusion are key principles in microcirculation. Convection is equivalent to the transport 

capacity of oxygen by erythrocytes and is therefore determined by oxygen saturation of hemoglobin 

and the capillary blood flow. Diffusion is determined by the distance to be travelled by oxygen from 

erythrocyte to mitochondria and is therefore dependent on the oxygen gradient, the distance from 

erythrocyte to mitochondria and the extent of the exchange surface.(58) 

Several techniques exist for microcirculatory perfusion and oxygenation evaluation like sidestream dark 

field imaging videoscopy (SDF) or near infrared spectroscopy (NIRS), respectively.(59) In our study we 

used SDF for direct visualization of the microcirculatory perfusion. SDF is a hand-held device consisting 

of a magnifying lens and a light source, usually for sublingual evaluation of the microcirculation and 

uses a green light-emitting diode (LED) to highlight flowing erythrocytes.(60) Several parameters can 
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be determined, like perfused vessel density (PVD), total vessel density (TVD), proportion of perfused 

vessels (PPV=PVD/TVD) and microcirculatory flow index (MFI). Besides, an estimation of heterogeneity 

in perfusion can be assessed, as an expression of a disease state. For this parameter the MFI is assessed 

in all quadrants of 3 to 5 samples ((Highest MFI-lowest MFI)/mean flow velocity).(61) Heterogeneity 

is a factor in determination of fluid loading effects on flow and oxygen delivery, since erythrocytes 

tend to follow blood vessels with higher flows. In case of hemodilution due to fluid loading, pressure 

dependent flow of erythrocytes causes difficulty of them entering high resistance vessels.(59) This may 

result in decreased flows in vessels with preexistent lower flows, possibly leading to hypoperfusion.

(57) This is one hypothesis for discrepancies in outcome between an optimized macrocirculation and 

microcirculation after fluid resuscitation. Effects on the glycocalyx due to fluid loading may also be held 

responsible next to described hemodilution or for example compromised diffusion.(57) 

This glycocalyx consists of glycoproteins and proteoglycans and forms the inner part of the vascular bed. 

There it exhibits several important adhesion functions including hemostasis, vascular permeability as 

part of fluid homeostasis, protection against blood flow induced shear stress, cellular signaling function 

and a scavenging function from oxygen radicals.(62) However, the glycocalyx can be easily destroyed 

leading to dysregulation of all processes it contributes to. Factors affecting the glycocalyx function 

are for example ischemia, systemic inflammatory response syndrome and hyperglycemia.(62) Besides, 

perioperative fluid loading can damage the glycocalyx too, possibly due to increased production of atrial 

natriuretic peptide (ANP) which promotes vascular permeability to eliminate excesses of intravascular 

volume, however with accompanying loss of albumin being accompanied by loss of the glycocalyx.

(62) Behavior of fluids is dependent on an intact glycocalyx, since the vascular wall is semipermeable 

to crystalloid fluids only with an intact glycocalyx, but for colloids too with an damaged glycocalyx.(63)

As described above, in clinical practice, adjustments in hemodynamic therapy are based on 

macrocirculatory parameters. This workflow assumes a more or less direct link between the 

macrocirculation and resulting influence on the microcirculation. However, especially under pathological 

circumstances like shock, this link seems to change, possibly due to changes in endothelial cell function 

leading to vascular dysregulation, vascular leakage and compromised microcirculation.(64) Therefore, 

addition of microcirculatory monitoring to assess the effects of macrocirculatory optimizing strategies is 

suggested.(65) Most of these finding were retrieved in an ICU setting. 

Generally spoken, fluids will only result in optimized microcirculatory flow if perfusion is compromised. 

Is case of suspected macrocirculatory hypovolemia with normal or increased microcirculatory flow no 

optimizing effects of fluid therapy can be expected.(64, 66)

Therefore, fluid management should be balancing between convection limitations (hypovolemia) and 

diffusion limitations (fluid overload), a concept called functional microcirculatory hemodynamics.(58)

As next partial conclusion, for optimizing hemodynamic strategies, microcirculation and glycocalyx 

are key terms. However, optimized macrocirculatory hemodynamics are not always directly linked to 

optimized microcirculatory hemodynamics. Until now, microcirculatory monitoring is still subordinated 

to macrocirculatory monitoring in daily clinical practice.
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STRATEGIES FOR FLUID ADMINISTRATION

The physiology of fluid loading
Patients frequently require additional fluids due to preoperative fasting guidelines, bowel preparation 

in case of certain types of abdominal surgery or intraoperative fluid loss.(67) Fluid resuscitation is 

the concept of fluid administration in order to maintain or restore the circulating blood volume for 

adequate organ perfusion and oxygen delivery.(48) Secondary objectives are to avoid overhydration 

and salt excess.(68) However, the term ‘adequate’ makes fluid resuscitation a complex intervention, since 

estimating the fluid status of patients is highly susceptible to individual interpretation and variation, 

and therapy is subject to individual- and institutional-based management.(48) Both hypervolemia and 

hypovolemia are undesirable, since both may be associated with postoperative complication rates.(67, 

69) More specific, negative effects of hypervolemia are reflected in disturbances of pulmonary function, 

gastrointestinal motility, wound healing and tissue oxygen delivery due to excess interstitial fluids.(68) 

Negative effects of hypovolemia are reflected in signs of hypoperfusion, like acute kidney injury.(69)

Not all hemodynamic therapies exert unambiguous results. Gelman et al try to clarify this observation from 

a theoretical physiologic perspective.(70) The terms unstressed volume (volume of blood with transmural 

pressure of the vessel = 0) and stressed volume (volume of blood next to the unstressed volume resulting 

in a transmural pressure of the vessels) are key principles.(70) Assumed is that the stressed volume 

is contributing to organ perfusion and the balance stressed volume versus unstressed volume can be 

influenced by vasopressors by a change in vascular compliance and therefore transmural pressure of the 

vessels. A possible resulting imbalance in stressed and unstressed volume by vasopressors is explanatory 

for reported heterogeneity in effects on cardiac output and venous return. Fluid unresponsiveness is 

explained by the distribution of fluids over the stressed and unstressed volume, with the part distributed to 

the stressed volume being too small (venous capacitance, i.e. volume of venous blood, not resulting in an 

increased transmural venous pressure ) to significantly change the stressed volume and resulting increased 

transmural pressure of the vessel and resulting venous return.(70)

Fluid management and outcome
Several hemodynamic strategies were brought up over the years to guide fluid management, including 

restrictive, non-restrictive, balanced, liberal, near-zero, standard, goal-directed fluid therapy, goal directed 

hemodynamic therapy and goal directed therapy. The individual strategies have their own advantages 

and disadvantages, and some strategies were hampered by a lack of clear definitions and indications 

for fluid resuscitation. The ultimate goal of perioperative fluid management is preserving, and if 

necessary, optimization of tissue perfusion and oxygen delivery.(56) Monitoring of parameters that 

reliably represent these goals and with correct target values is therefore essential. Moreover, selecting 

the right population (high risk population) for a right timed (start early) and for the appropriate 

intervention is key.(71)
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The recent RELIEF trial for major abdominal surgery compared restrictive fluid management (< 3000 

ml in the first 24 hours, aimed at a near zero fluid balance, intraoperative median 1.7 L ) to liberal fluid 

management (>5400 ml for the first 24 hours, intraoperative median 3.0 L ), and found no differences 

in disability-free survival.(72) However, restricted fluid management was associated with an increased 

incidence of acute kidney injury (8.6 vs 5.0 %), renal replacement therapy (0.9 vs 0.3 %) and surgical 

site infection (16.5 vs 13.6 %). The authors also performed a meta-analysis (n=1160 patients, 12 trials) 

on relevant studies focusing on fluid restrictive perioperative management and found indications for 

decreased in-hospital mortality and decreased incidences of pneumonia, lung edema and shorter 

hospital stays of 2 days.(72) Larger trials, that are statistically powered for thorough analyses on 

postoperative infection rates, are currently performed in order to elucidate the effects of perioperative 

cardiac output guided hemodynamic management compared to “standard care” in patients for major 

elective gastrointestinal surgery.(73) Until then, recommendations are distilled to aim for fluid balances 

of +1 to 2 liter or using goal-directed approaches in high risk perioperative settings.(74) For medium risk 

settings, goal-directed approaches are probably less impactful on outcome.(68, 75) However, the use 

of a goal-directed approach may be considered during an aberrant clinical course. For uncomplicated 

medium risk settings, fluid management strategies deviating too much from a zero balance should 

be avoided.(68) There is moderate evidence to support deployment of a goal-directed hemodynamic 

strategy using fluids and vasopressors or inotropes in a medium to high risk abdominal surgical 

perioperative setting to prevent postoperative pulmonary complications and lung edema.(76)

For the perioperative setting, preservation and optimization of organ perfusion with carefully considered 

fluids in type and amounts (restrictive continuous infusion with bolus infusion on well considered 

indication), and frequent reevaluation should be the key to success.(77)

The next partial conclusion is that interpretation of the effects of fluid management strategies on patient 

outcome requires a careful assessment of applied definitions and indications for optimization. It must 

be emphasized that descriptive terms on hemodynamic strategies are time-dependent. In general, it is 

recommended to use goal-directed hemodynamic therapy with fluids and inotropes or vasopressors for 

high-risk abdominal surgical procedures or medium risk procedures with an aberrant clinical course. For 

medium risk procedures a perioperative fluid balance ranging from +1 to 2 L is recommended in order 

to prevent acute kidney injury resulting from too restrictive hemodynamic strategies.

Focus on goal-directed therapy (GDT)
Fluid resuscitation should be initiated in patients that need blood flow optimization and are fluid 

responsive.(48) Fluid responsiveness is defined as an increase in stroke volume or cardiac output due 

to a fluid challenge or passive leg raise. In particular, patients will only benefit from extra fluids when 

fluids exert a significant shift on the Frank-Starling curve.(48) This cardiovascular responsiveness is 

influenced by varying perioperative factors, and the effects of an intervention can be challenging to 

predict. Besides, as described above, determination of regional perfusion is difficult and is often derived 

from generalized measures of perfusion, like acid-base-measurements.(48) On the other hand, even 
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normovolemic patients can be fluid responsive, stressing the pretended direct relationship between 

fluid responsiveness and hypovolemia.(55)

Conventional perioperative monitoring, such as oxygen saturation or blood pressure measurements, 

are often limited by their ability to reflect subtle hypovolemia with already impaired tissue perfusion.

(78, 79) Moreover, the effects of fluid administration are dependent on the context of administration, i.e. 

fluid administration in normovolemic patients will result in more interstitial losses than in hypovolemic 

patients and this is not reflected by conventional monitoring tools.(80) So, there is a need for dynamic 

parameters that accurately reflect the response of a patient to a fluid bolus, and sensitive and specific 

early signs of hypovolemia to prevent subclinical hypoperfusion. 

Goal-directed therapy (GDT) is a hemodynamic optimization strategy using key concepts such as fluid 

responsiveness and dynamic indices or dynamic cardiac preload variables.(48, 71) Dynamic indices are 

superior in predicting the right timing of fluid interventions compared to static indices.(48) There are 

several dynamic indices for the fluid status of a patient, like pulse pressure variation (PPV), stroke volume 

variation (SVV), or for example systolic pressure variation (SPV). Fluid responsiveness by itself is however 

insufficient ground to administer fluids; a need for hemodynamic improvement (increase in stroke 

volume or cardiac output after fluid loading) is essential, as well as a balanced risk of the intervention.

(81) PPV is considered best in predicting fluid responsiveness.(82) Dynamic indices however require 

controlled mechanical ventilation with high tidal volumes of 8-10 ml/kg and regular cardiac rhythms 

in order to reflect ventilation induced changes in the dynamic index (heart-lung interaction).(48, 83) 

Besides, closed chest conditions are mandatory.(84) Moreover, it must be emphasized that these 

dynamic indices are easily influenced by other external confounders, like spontaneous ventilation or 

a low respiratory compliance.(85) Therefore, the use of dynamic indices in the perioperative setting is 

therefore not widespread and requires specific monitoring devices.

Current evidence for the use of GDT in the perioperative abdominal surgical setting
In 2018, Kaufmann et al. concluded that the field of perioperative GDT was too heterogeneous to 

perform a meta-analysis.(86) Low quality of evidence studies suggested that GDT resulted in decreased 

mortality (87, 88) and morbidity (cardiac arrhythmias, heart failure, pneumonia, wound infection, acute 

kidney injury) and a decreased hospital length of stay.(87) In particular, patients with a high patient and 

surgical risk profile, treated with an intraoperative blood flow optimizing non-fluid-only GDT for elective 

non-cardiac surgery are considered to benefit most in terms of mortality reduction.(87) The inclusion 

criteria among distinct studies are however heterogeneous.

Others found no benefit with respect to mortality (89-91), or the reduction in mortality disappeared after 

excluding studies with low quality evidence.(88) In a meta-analysis, Brienza et al. graded the evidence for 

the use of GDT in high-risk patients for mortality reduction as weak.(92) For a reduction in complication 

rates, the use of GDT was however recommended for all patient risk categories.(92) Ripolles et al. 

concluded in a meta-analysis that patients undergoing non-cardiac surgery being treated with GDT 

guided by a minimally invasive monitoring device have lower complication rates.(93)
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The lower the risk for complications, the less the added value of a goal-directed hemodynamic approach 

on patient outcome. In a low-to-moderate risk population for intermediate risk abdominal surgery, 

Calvo-Vecino et al. demonstrated a reduced complication rate and hospital lengths of stay, but without 

benefit for mortality rates.(94) Even for high risk patients in high-risk abdominal surgery, due to already 

substantially decreased mortality rates over years, evincing a mortality reduction by GDT is not evident 

nowadays.(71, 90, 95) 

Fluids as pharmacological intervention
There is much debate about fluid loading strategies in the perioperative setting. However, some key 

principles apply to all strategies. At first, fluids should be considered as medication due to possible serious 

side effects and should therefore only be used with clearly defined indications.(48, 68, 69) Indications are 

the need for increased blood flow combined with fluid responsiveness.(48) Second, there is no optimal 

type of fluid; in general, there are 3 types of fluids: crystalloids, colloids and blood products.(48) 

Sodium chloride (NaCl) 0.9% and Ringer’s lactate are examples of crystalloids. Hydroxyethyl starches (HES), 

gelatin and albumin solutions are examples of colloids, of which all except albumin are synthetic.(63, 96) 

Crystalloids are electrolyte solutions with an explicit transient intravascular volume increasing effect. A 

colloid solution however is a solution of macromolecular substances resulting in an intravascular colloid 

osmotic pressure, resulting in longer lasting intravascular volume effects and therefore relatively volume 

sparing effects with an approximate colloid to crystalloid ratio of 1:1.3.(48, 67) Each of the categories has 

its specific composition, osmolarity and pH, and therefore its own pattern of side effects.(96) More in 

general, all fluids can cause hypervolemia and disturbance of electrolytes, with concomitant deleterious 

effects on several organs. More specific, determination of solutions as balanced or unbalanced is a key 

principle in these potential deleterious effects.(96) For crystalloids as well as colloids there are balanced 

and unbalanced solutions. Unbalanced fluids typically have high chloride concentrations and this can 

result in a hyperchloremic metabolic acidosis after infusion of higher volumes, due to loss of bicarbonate. 

In balanced fluids the chloride ion is partly replaced by non-chloride buffering anions. Due to an acidosis 

induced transcellular potassium shift, hyperkalemia may result.(96) Hyperchloremic metabolic acidosis 

might be associated with an increased risk of acute kidney injury in certain patients, however without 

increased mortality rates.(96) 

Colloid solutions were abandoned in several parts of the world due to an increased occurrence of 

acute kidney injury and mortality in the intensive care unit setting. These concerns were applicable to 

HES, dextran and gelatin solutions, but not to albumin.(48) The presumed deleterious renal effects of 

synthetic colloids occurring in critical care settings may be linked to increased vascular permeability, 

toxic effects on the nephron and decreased filtration due to hyperoncotic plasma in the glomerulus.

(63, 97) Evidence for the deleterious effects of HES however is scarce and cannot simply be extrapolated 

to a perioperative setting. For a major abdominal surgical setting only increased blood loss might be 

associated with synthetic colloid administration, other clinically relevant outcome like renal function or 

mortality are unaffected or inconclusive, even in patients with an increased preoperative risk of acute 

kidney injury.(96, 98-100) Neither was the 28 day outcome different between crystalloids and colloids, 
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even in an ICU setting, although the ICU setting on itself being beyond the scope of this thesis.(101) 

At this time, there is no clear benefit of using colloids over crystalloids for fluid resuscitation, 45, 54) 

and anesthesia departments in the Netherlands ceased the use of these products in the perioperative 

setting. For the perioperative period, extensive variation is reported in a multicentre audit for the type 

and volume of fluids for three analyzed surgical procedures, with a preference for the use of balanced 

crystalloids in all perioperative settings.(102) As further partial conclusion, there is no ideal type of fluid 

for fluid resuscitation, and all fluids should be used with caution and only on clear indication.
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Future perspectives: Is an even more personalized approach beneficial?
A personalized hemodynamic approach refers to optimization strategies with inclusion of the patients 

personal hemodynamic characteristics.(103) Parameters guiding a personalized hemodynamic 

approach based on fluid responsiveness changed over years from pulse pressure variation (PPV), stroke 

volume variation (SVV), plethysmogram variability index (PVI), stroke volume changes after interventions 

like passive leg raise or a fluid challenge.(104) A more recently introduced parameter is perfusion index 

or hypotension index.(105, 106)

It is unknown how to define relevant intraoperative hypotension and therefore blood pressure targets.

(107) Preoperative MAP values are too often incongruent with the lowest nighttime MAP (considered 

a safe cutoff point) and is therefore not suitable for determination of an intraoperative target MAP.(107) 

What we do know is that intraoperative MAP values below 65 mmHg with a cumulative duration of 

more than 13 minutes are linked to increased occurrence of myocardial and kidney injury. Intraoperative 

MAP values below 50 mmHg are considered harmful for only more than 1-minute cumulative duration.

(108) In case of blood pressure decreases > 20 % a cumulative duration of more than 90 minutes is 

linked to occurrence of kidney injury.(108) Such individualized blood pressure treatment resulted 

in fewer complications compared to a fixed cut-off point for treatment in a group of at risk patients 

undergoing major abdominal surgery.(109) However, the presumed beneficial effects are attributed to 

a relatively small between group mean difference in systolic blood pressure of 6.5 mmHg.(109) A closed 

loop assisted approach for fluid loading could not show an advantage over fluid therapy by protocol 

regarding maintaining CI of SVV goals in a group of patients for moderate risk abdominal surgery. This 

study was however underpowered for conclusions regarding complication rates.(110) 

For the future more noninvasive approaches and wireless remote monitoring for patients on the 

postoperative ward including monitoring actual perfusion at tissue level can attribute to a more 

personalized approach.(56)
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Hypothesis and outline of thesis
This thesis assesses and aims to explain variations in perioperative care for elective medium-to-high risk 

abdominal surgery. Since mortality rates declined substantially over years to very low values, mortality is 

nowadays less suitable for assessing quality of perioperative care, while complication rates however are 

still significant. The following chapters were included in this thesis:

An introduction to the field of perioperative hemodynamic management in abdominal surgery was 

provided in chapter 1.

In chapter 2 we assessed the variability in anesthesia practices in elective medium-to-high risk 

abdominal surgery and their effects on patient outcome.

In chapter 3 the applicability of dynamic indices like pulse pressure variation (PPV, derived parameter) 

and stroke volume variation (SVV, calculated parameter based on algorithm requiring patient 

demographics) in predicting fluid responsiveness with the Nexfin non-invasive arterial blood pressure 

monitor.

Chapter 4 describes which specific hemodynamic parameter described a controlled volume loss best 

in a spontaneously breathing population.

Chapter 5 describes the effects of fluid loading on the glycocalyx integrity in healthy volunteers.

In chapter 6 we investigate the effects of forced systemic hemodynamic optimization on microcirculatory 

perfusion in a population of elective abdominal surgery.

Chapter 7 investigates the effects of integration of a goal-directed therapy in a clinical setting on the 

incidence of postoperative complications.

In chapter 8, the general conclusions of this thesis are presented and discussed.
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INTRODUCTION

In 2010, over 1.4 million surgical procedures were performed in the Netherlands.(1) The related overall 

probability of death in this population is estimated at 1.85% within 30 days after surgery.(2) In particular, 

one in five patients undergoing general surgery and one in three undergoing high-risk abdominal 

surgery are likely to run into one or more complications in the postoperative period.(3, 4) These 

complications have impact on functional and psychological performance, length of stay and overall 

costs(5), especially in an elderly population.(6) 

The risk for negative perioperative outcome is influenced by the premorbid state of the patient(4), the 

procedure itself(7, 8), and perioperative factors including anesthesia and hemodynamic management.

(6, 9) Anesthesia management, however, differs between institutions, and approaches may vary among 

populations. For instance, while meta-analyses in patients having non-cardiac surgery showed beneficial 

effects of goal-directed hemodynamic management in terms of overall complication rates (10-13), we 

could not demonstrate such effects in a moderate-risk abdominal surgical population.(14) This might 

be explained by a huge heterogeneity with respect to types of surgery included but also in the goal-

directed intervention itself, such as the timing of the intervention, the type of monitoring device 

used, the hemodynamic variables assessed and targeted, as well as the types and amounts of fluids, 

vasopressors and/or inotropes used.(15) Perioperative outcomes are further influenced by performance 

and/or compliance rates of the anesthetic team (16), or individual variation in fluid volume loading 

strategies.(17)

Studies of practice variability or benchmarking are used in other industries as an indicator of operational 

stability and quality.(18) Benchmarking of medical practices is considered as a quality-influencing 

factor, as it might create valuable insights into how we can reduce variation, thereby optimizing daily 

clinical practice.(19) For example, an evaluation of real-life practices of coagulation and transfusion 

management led to new insights that halved blood product use in multiple cardio-surgical centres.

(20) Other benchmark initiatives are the Dutch Institute of Clinical Auditing (DICA) or the National 

Institute for Health and Care Excellence (NICE) that monitor practice variation in surgery an intensive 

care, respectively, in relation to mortality and morbidity. (21, 22) The assessment of practice variability 

in the field of anesthesia is still uncommon, while it may be helpful in defining best practices and limit 

outcome variation.

This retrospective data benchmark study aimed to evaluate the variability in anesthesia practices in 

patients having medium-to-high-risk elective abdominal surgery between and within anesthesia 

departments. We further evaluated the effects of variation in anesthesia practice on patient outcome.
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METHODS

Study design
This exploring retrospective observational multicentre study was approved by local medical ethical 

committees, and the need for informed consent was waived (IRB Amsterdam UMC, Vrije Universiteit, 

number 2015.142, 19 March 2015). Data from before April 2015 was collected from medical records 

between April 2015 and December 2016 in eight Dutch secondary and tertiary referral hospitals 

(Amsterdam UMC (both locations), OLVG and NKI-AVL Amsterdam, LUMC Leiden, Albert Schweitzer 

Hospital Dordrecht, UMCG Groningen and Dijklander hospital Hoorn). In design, the first 50 adult 

patients per hospital undergoing medium-to-high risk abdominal surgery including laparoscopic and 

open surgery were included. Subjects were excluded if logistical or technical problems prevented 

reliable data acquisition (loss to follow-up), for example due to insufficient available information. As 

described in table 1, some hospitals included extra patients to compensate for less than 50 inclusions 

from other hospitals.

Consultant 
anesthesiologists (n)

Annual number 
of abdominal 
procedures

Number of 
patients 
included

1 University 50 953 45

2 University 40 2480 48

3 Secondary 15 X 57

4 University 73 2380 50

5 Secondary 16 2700 50

6 Secondary 11 1120 57

7 University 34 2991 50

8 Secondary 14 566 54

Table 1. Characteristics of participating centres

Total study population included 411 patients
X: no data available

Data collection
Demographics, patient characteristics, surgical and anesthetic characteristics on postoperative 

complication rates and length of stay were retrieved from medical records. Demographics included 

age, gender, body weight and length resulting in body mass index. Patient characteristics included 

performance status and the presence of comorbidities, including metabolic equivalents (METS score) 

and American Society of Anesthesiologists physical status classification (ASA score). Furthermore, 

surgical characteristics including blood loss and duration of surgery were assessed as well as anesthetic 

characteristics including hemodynamic management, intraoperative fluid balances and episodes of 

severe intraoperative hypotension. Finally, related complications and length of stay were assessed (See 

supplemental file with eCRF). 
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Study endpoints
The following main end-points were extracted from medical files: intraoperative blood loss, postoperative 

complications (postoperative nausea and vomiting (PONV), clinically manifested myocardial ischemia, 

anastomotic leakage, wound infections, pneumonia, delirium, ileus, stroke, renal dysfunction, urinary 

tract infection or bleeding, repeat surgery within 7 days, readmission to ICU, death within 30 days of 

surgery, postoperative complications according to the Clavien-Dindo classification, and length of 

stay (in hospital).(23) We also looked at fluid and blood management practices and the duration and 

frequency of severe intraoperative hypotension (defined as mean arterial pressure <55 mmHg for more 

than one minute).

Analyses were performed on potentially complication-influencing factors such as severe hypotensive 

intraoperative episodes, use and amount of different types of fluids, surgical time, use of goal directed 

hemodynamic management and use of plasminogen inhibiting medication.

Statistical analysis
Dichotomous and categorical outcomes are summarized by frequencies and percentages. Continuous 

variables are summarized by mean and standard deviation in case of a normal distribution, whereas 

median and interquartile range (IQR) are given for other continuous variables. 

Associations between predictors and continuous outcomes were tested using linear mixed models. 

Models included a random-effect for hospital to account for clustering of patients within hospital. 

Differences between university and non-university hospitals were taken into account by including 

a fixed effect for type of hospital in the models. For dichotomous outcomes, Generalised Estimating 

Equations were used with an exchangeable correlation structure to account for the clustering and with 

type of hospital included as an independent variable in the models. All tests were performed under 

supervision of a trained and experienced statistician. A two-sided significance level of 5% was used for 

all statistical tests. Effect sizes, such as odds rations (OR) and regression coefficients, are given together 

with their 95% confidence interval. Analyses were performed in SPSS version 22 (IBM, New York, USA). 

RESULTS 

Population characteristics
The characteristics of the participating centres are described in Table 1. In total, 411 patients were included 

for analysis. Figure 1 shows the variation in surgical procedures included in the benchmark among 

centres. Bowel surgery was the most frequently performed procedure (n=245). The number of high-

risk procedures, including liver, Whipple and HIPEC surgery, gastric resection, and pheochromocytoma 

resection, per centre was low. Subgroup analyses were performed for Whipple surgery, bowel surgery 

and liver surgery. 



CHAPTER 2

42

Figure 1. Type of surgery, stratified per centre (n) for all surgical procedures.

Demographics of the total population and of the three subtypes of surgery are described in Table 2. 
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Total 
population

Whipple 
procedure

Bowel 
surgery

Liver surgery

n 411 86 245 43

Demographics and patient characteristics

Age (years) 66 (59-73) 67 (59-76) 66 (61-71) 64 (58-71)

Sex (male, %) 56 54 56 56

Body mass index (kg.m-2) 25.8 (23.0-28.6) 24.8 (21.7-27.0) 26.0 (23.4-
28.6)

25.9 (23.6-30.3)

METS score 4 (4-4) 4 (4-4) 4 (4-4) 4 (4-4)

ASA classification 2 (2-2) 2 (2-3) 2 (2-2) 2 (2-2)

Surgical characteristics

Procedural duration (min) 225 (161-342) 369 (309-425) 188 (149-249) 296 (192-430)

Intraoperative blood loss (ml) 300 (50-700) 500 (300-925) 150 (20-350) 835 (400-1595)

Anesthesia and hemodynamic management

Epidural analgesia (%) 58.4 74.4 49.4 72.1

GDT (%) 33.1 33.7 31.7 37.2

Fluid balance end-of-surgery (ml) 1329 (797-2042) 1848 (1071-
2701)

1270 (800-
1895)

748 (391-1370)

Fluids per hour (ml) 554 (383-803) 531 (405-710) 584 (386-848) 521 (383-760)

MAP<55 mmHg (n) 1 (0-3) 3 (1-6) 1 (0-2) 2 (0-4)

Plasminogen inhibiting medication 
(%) of known data

8.9 13 3.3 29.3

Table 2. Population demographics and perioperative characteristics.

Data are presented as median with interquartile ranges or frequencies.

Complication rates
Table 3 shows the complication rates for the total population and the three surgical subcategories. The 

most frequently observed complications were postoperative nausea and ileus. The rate of complications 

in the total population was 40.6%. Complication rates for Whipple surgery were 59.3%, for bowel surgery 

34.6% and for liver surgery 34.9%. Minor complications (i.e. Grade I according to the Clavien-Dindo 

classification) occurred most often. The incidence of a grade V complication (death within 30 days after 

surgery) was 1.7% for the total population.
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Total 
population

Whipple 
procedure

Bowel 
surgery

Liver surgery

n 411 86 245 43

Any complication (%) 40.6 59.3 34.6 34.9

PONV n (%) 50 (12.2) 24 (27.9) 21 (8.6) 2 (4.7)

Clinically manifested MI n (%) 13 (3.2) 9 (10.5) 3 (1.2) 0 (0.0)

Anastomotic leakage n (%) 25 (6.1) 7 (8.1) 14 (5.7) n/a

Wound infections n (%) 33 (8.0) 9 (10.5) 16 (6.5) 6 (14.0)

Pneumonia n (%) 22 (5.4) 3 (3.5) 13 (5.3) 2 (4.7)

Delirium n (%) 16 (3.9) 2 (2.3) 8 (3.3) 2 (4.7)

Ileus n (%) 44 (10.7) 7 (8.1) 30 (12.2) 3 (7.0)

Stroke n (%) 2 (0.5) 1 (1.2) 0 (0.0) 1 (2.3)

Renal dysfunction n (%) 21 (5.1) 7 (8.1) 4 (1.6) 4 (9.3)

Urinary tract infection n (%) 20 (4.9) 7 (8.1) 9 (3.6) 1 (2.3)

Bleeding n (%) 13 (3.2) 7 (8.1) 5 (2.1) 1 (2.3)

Repeat surgery within 7 days n (%) 20 (4.9) 5 (5.8) 14 (5.7) 1 (2.3)

Readmission to ICU n (%) 21 (5.1) 10 (12.7) 9 (4.3) 2 (4.7)

Death within 30 days of surgery n (%) 7 (1.7) 3 (3.5) 2 (0.9) 1 (2.3)

HLOS (days (range)) 8 (5-13) 12 (10-18) 6 (5-11) 7 (6-9)

Table 3. Complication rates among the study population.

PONV = Postoperative nausea and vomiting; MI = myocardial ischemia; ICU = intensive care unit; HLOS = hospital 
length of stay; n = numbers. Data are presented as median with interquartile ranges (IQR) or frequencies. n/a= not 
applicable

Table 4 shows the complication rate for the total population and the three surgical subcategories, 

subdivided by use of GDT.
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Total 
population

Whipple  
procedure

Bowel 
surgery

Liver 
surgery

GDT/no GDT GDT/no GDT GDT/no GDT GDT/no GDT

Total n 136/273 29/57 77/166 16/27

Any complication (%) 33.8/44.0 48.3/64.9 23.4/39.2 43.8/29.6

PONV (%) 1.5/17.6 6.9/38.6 0.0/12.7 0.0/7.4

Clinically manifested MI (%) 1.5/4.0 3.4/8.8 0.0/1.8 0.0/0.0

Anastomotic leakage (%) 8.1/5.1 13.8/5.3 7.8/4.8 n/a

Wound infections (%) 7.4/8.4 13.8/8.8 2.6/8.4 18.8/11.1

Pneumonia (%) 1.5/7.3 3.4/3.5 1.3/7.2 0.0/7.4

Delirium (%) 4.4/3.7 3.4/1.8 2.6/3.6 12.5/0.0

Ileus (%) 7.4/12.5 10.3/7.0 5.2/15.7 6.3/7.4

Stroke (%) 0.7/0.4 0.0/1.8 0.0/0.0 6.3/0.0

Renal dysfunction (%) 5.9/4.8 10.3/7.0 0.0/2.4 18.8/3.7

Urinary tract infection (%) 5.9/4.0 10.3/7.0 3.9/3.0 6.3/0.0

Bleeding (%) 1.5/4.0 3.4/10.5 0.0/3.0 6.3/0.0

Repeat surgery within 7 days (%) 5.1/4.8 6.9/5.3 6.5/5.4 0.0/3.7

Readmission to ICU (%) 5.9/4.8 17.2/8.8 2.6/4.2 12.5/0.0

Death within 30 days of surgery (%) 1.5/1.8 0.0/5.3 2.6/0.6 12.5/3.7

Table 4. Complication rates among the study population for GDT vs no GDT.

PONV = Postoperative nausea and vomiting; MI = myocardial ischemia; ICU = intensive care unit; HLOS = hospital 
length of stay; n = numbers. Data are presented as percentages or frequencies. For 2 patients no data was available. 
n/a= not applicable	

Fluid administration
In general, differences in median volumes of administered fluids per hour were subtle, ranging from 531 

ml (IQR 405-710 ml) for Whipple surgery to 584 (IQR 386-848 ml) for bowel surgery. However, median 

fluid balances at the end of surgery differed substantially between procedures, ranging from 748 ml (IQR 

391-1370 ml) for liver surgery to 1848 ml (IQR 1071-2701 ml) for Whipple surgery. The median volume of 

fluids administered per hour was lowest in the liver surgery subcategory (521 ml.h-1; IQR 383-760 ml.h-1). 

Goal directed approaches were applied in 33.1 % of patients in the total population, with slightly 

higher incidences for the liver surgery subcategory (37.2 %). The median number of severe hypotensive 

episodes (MAP< 55 mmHg) was 1 (IQR 0-3) per surgery per patient for the total population, with the 

highest median incidence in the Whipple subcategory (3 per patient per surgery; IQR 1-6).
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Variation in practices
Hemodynamic management variation stratified by centre is shown for Whipple surgery (A), bowel 

surgery (B) and liver surgery (C) in figure 2. There was a threefold difference in volume of fluid per hour 

for the same procedure among different centres. Differences in the occurrence of intraoperative severe 

hypotensive episodes were the lowest for bowel surgery, with a median of 1-2 episodes per procedure 

among centres.

The median length of hospital stay is shown in figure 3, showing a large variation among centres for 

Whipple surgery (8 to 14 days), bowel surgery (5 to 14 days) and liver surgery (6-12 days; Figure 3). Figure 

4 shows in a descriptive manner the complication rates for all included procedures stratified per centre. 

Notably, one centre reported a remarkably lower complication rate than other institutions.

Figure 2. Volume of fluids per hour, intraoperative fluid balance and intraoperative hypotensive episodes (MAP<55 
mmHg), stratified per centre (median +IQR, ml) for Whipple surgery (A), bowel surgery (B) and liver surgery (C).
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2Figure 3. Hospital length of stay, stratified per centre (median + IQR, days) for Whipple surgery (A), bowel surgery (B) 
and liver surgery (C).

Figure 4. Complication rate, stratified per centre (%) for all surgical procedures

Blood loss, blood product and fluid management practices 
Blood loss was significantly associated with administration of plasminogen inhibiting medication 

(tranexamic acid, TXA), even after correction for clustering within each centre and between centres 

(table 5). Median blood loss in patients receiving TXA was 915 ml (IQR 513-2142 ml) versus 200 ml (IQR 

50-570 ml) in non TXA-patients (total group). 

The volume of fluids per hour was not found to be associated to the occurrence of complications in 

general (OR=1.00, 95 % CI 1.00-1.00, p=0.792). After correction for clustering within centres use of a goal-

directed hemodynamic strategy was not found to result in complication reduction (OR=0.82, 95 % CI 

0.48-1.40, p=0.46). More exogenous fluids were administered in a goal-directed hemodynamic strategy 

(after log transformation of dependent variable: beta=0.067, 95% CI 0.010-0,124, p=0.021, median 2265 

vs 2000 ml). The use of a goal-directed hemodynamic strategy was associated with a longer hospital 

length of stay, even after correcting for clustering within centres and type of centre (Table 5). When 

corrected for the surgical risk (medium vs high risk surgical profile), the hospital length of stay was longer 

when a goal-directed hemodynamic strategy was used. We did not find an association between the 
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intraoperative use of colloids (116 out of 411 patients) and complication rates (OR=1.39, 95 % CI 0.90-

2.14, p=0.139) nor mortality rates (OR=0.88, 95 % CI 0.17-4.59, p=0.88).

The duration of surgery was also not related to complication rates (OR=1.00, 95 % CI 0.99-1.01, p=0.472).

Outcome Variable Correlation

One or more postoperative

complications 

Severe hypotension 
(MAP <55 mmHg for >1 min)

OR = 1.29 95 % CI: 0.82-2.02
p = 0.274 

Intraoperative colloid use OR = 1.39 95 % CI: 0.90-2.14
p = 0.139 

Duration of surgery OR = 1.00 95 % CI: 0.99-1.01
p = 0.472

Intraoperative fluid administration per 
hour 

OR = 1.00 95 % CI: 1.00-1.00
p = 0.792

GDT protocol used OR=0.82 95 % CI: 0.48-1.40
p=0.46

Death Intraoperative colloid use OR = 0.88 95 % CI: 0.17-4.59
p = 0.88

HLOS Intraoperative colloid use beta = 0.011, 95% CI: -0.054-0,068 
p=0.825

GDT protocol used beta 0.105, 95 % CI: 0.005-0.122 
p=0.034

Severe hypotension GDT protocol used OR = 0.86, 95% CI: 0.51–1.45
p = 0.57

Total fluid balance surgery GDT protocol used beta = 0.067, 95% CI: 0.010-0.124
p=0.021

Blood loss (logarithmic) Plasminogen inhibiting medication 
(tranexamic acid)

beta = 0.315, 95% CI: 0.173-1.17
p=0.009

Stroke Severe hypotension 
(MAP <55 mmHg for >1 min)

OR 1.40, 95% CI: 0.71-2.75
p=0.332

Delirium Severe hypotension 
(MAP <55 mmHg for >1 min)

OR 1.46, 95% CI: 0.46-4.63
p=0.520

PONV Severe hypotension 
(MAP <55 mmHg for >1 min)

OR 1.40, 95% CI: 0.71-2.75
p=0.332

Table 5. Association between perioperative variables and outcome (corrected for clustering within centres and for 
type of centre). MAP = mean arterial blood pressure; OR = odds ratio; CI = confidence interval; GDT = goal-directed 
therapy; HLOS = hospital length-of-stay; PONV = Postoperative nausea and vomiting;
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Association between hypotension and outcome
We did not find an association between an intraoperative MAP < 55 mmHg and any of the evaluated 

complications (Table 5). After correction for clustering within centres and type of centre intraoperative 

hypotension was not found to result in longer hospital lengths of stay (Table 5). The occurrence of an 

intraoperative hypotensive episode was not related to the use of a goal directed hemodynamic strategy 

(OR=0.86, 95 % CI 0.51-1.45, p=0.57).

Of patients with a documented preoperative blood pressure measurement, 61.7% had inadequately 

regulated preoperative hypertension (systolic blood pressure >140 mmHg and/or diastolic blood 

pressure >90 mmHg as measured at the preoperative screening in the outpatient anesthesia assessment 

clinic). Surprisingly, the suboptimal regulation of preoperative hypertension was associated with lower 

complication rates (OR=0.48, 95 % CI 0.284-0.818, p=0.007).

DISCUSSION

Our benchmark evaluation shows considerable variation in anesthesia practices in a population of 

411 medium-to-high-surgical-risk patients undergoing abdominal surgery among eight secondary 

and tertiary (university) referral hospitals in the Netherlands. Despite similar preoperative risk profiles 

with respect to METS and ASA scores, we found clinically significant differences in volumes of fluid 

per hour and intraoperative fluid balances among centres. However, there was not a clear association 

with outcome, although previous research has shown that intraoperative fluid dosing at the liberal 

and restrictive margins of observed practice is associated with increased morbidity, mortality, cost, 

and length of stay.(24) This benchmark study also shows differences in the number of hypotensive 

episodes among centres for the same type of surgical procedure, but again without an association with 

complication rates. Nonetheless, reported complication rates as well as the ratio of medium risk versus 

high-risk surgical procedures among centres varied widely. 

Our analysis further showed that goal-directed hemodynamic management was associated with 

increased volumes of fluids administered, yet there was no relation with complication rates. Moreover, 

patients subjected to goal-directed hemodynamic strategies had a longer hospital length of stay, even 

after correction for surgical risk. Notably, patients with suboptimal regulation of hypertension before 

surgery showed lower complication rates than patients who were well regulated. However, the study 

was not powered to make conclusions on these subjects. Therefore, the exact value of these at least 

remarkable findings is unclear. 
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Generalisability of the findings
Benchmark studies may result in a reduction in clinical variation, which is believed to be beneficial for 

patient outcome.(19) A large-scale assessment among hospitals in the US revealed that high score 

clinical performance cannot be assigned to one single factor, but is a complex interaction of multiple 

factors.(25) Moreover, excellence in clinical care was independent of the type of hospital or geographical 

characteristics.(25) Standardisation and implementation of distilled best practices into daily practice are 

key in the simplification of this complex process.(25) Although our benchmark approach reflects “real life” 

clinical practice, the current findings deserve a critical evaluation of their translatability to other clinical 

practices. The complication rates for Whipple, bowel and liver surgery in our benchmark study were 

59.3, 34.6 and 34.9%, respectively, with overall complication rates of 40.6%. These are in concordance 

with recently reported rates of 50.0, 34.0 and 32%, respectively,(26) indicating that the included patient 

populations resemble those of other studies.

Variation in fluid loading strategies
Goal-directed hemodynamic management is often adhered to as part of a bundle of interventions 

that may lead to improved patient outcome, and is considered as an important measure in promoting 

standardisation and reducing variability among clinicians.(27) Goal-directed hemodynamic therapy 

is assumed to result in complication reduction and sometimes even mortality reduction. However, 

a large-scale randomised clinical trial on itself failed to demonstrate benefits of its use in a high-risk 

population undergoing major abdominal surgery but the learning effect might have influenced this.(3) 

Another meta-analysis showed that goal-directed hemodynamic therapy is accompanied by reduced 

complication rates, but outcome results remained inconsistent. This was possibly due to heterogeneous 

study population and standard practice over the years.(3, 15) It is therefore assumed that the benefits of 

goal-directed hemodynamic strategies increase with the assumed perioperative risks, since no benefits 

could be demonstrated for goal-directed hemodynamic strategies in medium risk surgical patients.(13, 

14) The use of a goal-directed hemodynamic strategy was not protective for perioperative complications 

after correction for clustering in our benchmark study. In fact, the use of a goal-directed hemodynamic 

strategy was associated with a longer hospital length of stay. This may be due to the higher volume 

of fluid administration in patients subjected to a goal-directed hemodynamic strategy, possibly, but 

not irrefutably demonstrated in this study, being related to fluid loading complications.(24, 28, 29) A 

recent large scale quality improvement program for emergency open major abdominal surgery could 

not demonstrate a survival benefit after implementation.(30)

We demonstrate variation in the volume of perioperative administered fluids among centres for all 

surgical subcategories, with differences in the intraoperative fluid balances as result. Regenbogen et al. 

already showed that the evaluation of fluid management on a hospital instead of patient level, revealed 

effects on complications of hospitals stratified to higher or lower amounts of fluids, diminishing effects 

of confounding on patient level.(31) In our study population, all types of hemodynamic management 

strategies were included, including goal-directed treatment strategies. We however found no association 



VARIATION IN ANESTHESIA PRACTICES IN ABDOMINAL SURGERY

51

2

between the volume of fluids administered during surgery and the occurrence of complications, which 

is conflicting with others showing a worse outcome or increased length of stay in case of high fluid 

volume administration.(26, 31, 32) In the study by Regenbogen et al. the effects on fluid balance was 

independent from hospital status, sampled volume or numbers.(31) 

Our study did not include preoperative and postoperative fluid loading as study variable, which might 

induce an information bias. Since major abdominal procedures are associated with extensive length of 

hospital stay, more postoperative fluid loading might be expected, and this may have influenced patient 

outcomes. Moreover, interindividual results of surgeons for specific surgeries were not analysed in this 

study.

Blood pressure regulation
Our benchmark study showed a large variation in the incidence of intraoperative hypotension (defined 

as mean arterial pressure below 55 mmHg for more than one minute), but without an association 

with the occurrence of complications. We did, however, not record the total duration of intraoperative 

hypotension. The rationale for the cut-off MAP of 55 mmHg was based on its association with acute 

kidney injury and myocardial infarction, even when short of duration.(33) Salmasi et al identified in a 

large study (n=164,514) a MAP of 65 mmHg as threshold for acute kidney injury (AKI) and myocardial 

injury after non-cardiac surgery.(34) Prolonged duration of even MAP <80 mmHg is blamed for elevated 

risks of any end-organ injury.(35) Gregory et al even reported increased risk for 30-day and 90-day 

mortality and major cardiac and cerebrovascular events for MAP ≤ 75 mmHg.(36) However, these 

studies were published after our data collection period. In a large sub-study of the POISE-II trial, clinically 

relevant intraoperative hypotension duration (systolic blood pressures <90 mmHg requiring treatment) 

was associated with myocardial infarction and death. However, this sub-study did not include stroke, 

delirium or postoperative nausea and vomiting as endpoints.(37) Our study showed no association of 

intraoperative hypotension with stroke, delirium and postoperative nausea and vomiting. Sun et al, 

however, did find a time- and pressure-dependant relation between MAP and stroke, even for higher 

thresholds than used in our study, although this was in a cardiac surgery setting.(38) It has however 

to be noted that our benchmark study was not powered for any of these outcome measures so that 

firm study conclusions regarding the implications of intraoperative hypotension on complication rates 

cannot be drawn.

Blood pressure and anti-hypertensive therapy were registered during the preoperative outpatient 

clinic visit, according to international recommendations.(39) Interestingly, patients with preoperative 

suboptimal regulated hypertension (preoperative systolic RR >140 mmHg and/or diastolic RR>90 

mmHg) showed lower complication rates than patients with a strict pharmacological treatment for 

hypertension. The mechanism underlying this observation is difficult to explain. From a physiological 

point of view, patients with chronic hypertension seem to have an increased risk of hypoperfusion 

during episodes of lower blood pressures, due to right-shift of the blood flow autoregulation curve of 

vital organs.(40) The presumed optimal perioperative blood pressure curve for preventing perioperative 
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cardiac injury seems to be J-shaped, with diastolic blood pressures ranging between 70 mmHg and 

100 mmHg.(39) Especially elderly patients can suffer from perioperative cardiac risks if baseline blood 

pressure is too low to ensure adequate tissue perfusion.(39) In general, blood pressure lowering therapy 

can result in hypoperfusion related adverse events, with patient characteristics being an important 

factor.(41) Reported findings regarding suboptimal regulated hypertension may preliminary indicate 

a need for higher perioperative blood pressure targets.  Whether an increased perfusion pressure is 

advantageous during abdominal surgery should be further elaborated. 

Study limitations
Due to its retrospective, descriptive character and relatively small patient population, this benchmark 

study has specific limitations. First, this study was not powered to perform statistical analyses for 

complication rates, and interpretation of our findings requires caution. This also prohibits an extraction 

of best practices among the participating centres. Due to loss-to-follow-up (n=10), our study has 

a low risk for a selection bias. Moreover, the complication registration was performed as accurate as 

possible based on internationally accepted complication definitions, but complications were collected 

in retrospect. This may be associated with possible loss of follow-up information. Moreover, only the 

intraoperative administered amounts of fluids were evaluated, while we know that in total more fluids 

are administered in the postoperative period. One of the participating centres reported remarkably 

lower complication rates compared to others. A larger prospective benchmark study focusing on one 

surgical procedure and with an international focus could be a logical future step.

Conclusion
Despite international consensus statements and guidelines, we showed a large variation among Dutch 

hospitals with respect to anesthetic and hemodynamic management of adult patients undergoing 

elective major abdominal surgery. In general, variability in practice is proven to be suboptimal for patient 

outcomes, and the strive for standardisation of practices may lead to improvement of care and reduction 

in complications. We have shown here that there is room for such improvement in the Netherlands. 

However, standardisation of practice is complex, and requires transparency regarding perioperative 

strategies and patient outcomes, excessive training, and extensive multidisciplinary and international 

collaboration.
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APPENDIX 1:

Geboortedatum …./…./…….
AN
…..

CRF Hemodynamiek GDT I: PREOPERATIEF (a)

Hemodynamiek studie nr.  
02 -……….…

Inclusiedatum     
  …./…./20….

Inclusiecriteria
 Electieve chirurgie
 Leeftijd > 17 jaar
 Abdominale chirurgie

ASA  I   II   III Lengte …….. cm

Geslacht  Man    Vrouw Gewicht …….. kg

Afwijking ECG preoperatief METs

ECG test  Ja    Nee  >=10 Intense beweging/sport

Nieuwe afwijking  Ja    Nee  5-9 Kan 2 trappen lopen

Brady/tachycardia  Ja    Nee  4 Kan 1 trap lopen

Nieuwe ischemie  Ja    Nee  2-3 Dagelijkse activiteiten

Oude MI  Ja    Nee  1 Bedlegerig

AF  Ja    Nee

BTB  Ja    Nee

Longfunctie test Preoperatief (tot max 8 weken voor de operatie)

Test uitgevoerd  Ja    Nee Transfusie  Ja    Nee

FVC ......... L Bloeddruk
…… /.….. 
mmHg

FEV/FVC .........

Comorbiditeiten

 Hypertensie  Hartfalen  Longziekte  Maligniteit 

 Diabetes Mellitus  Atriumfibrilleren  CVA  Kleplijden

 (Perifeer) vaatlijden  Ischemische hartziekten  ICD/pacemaker

 Long embolieën  Diepe veneuze trombose
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Geboortedatum …./…./…….

CRF Hemodynamiek GDT I: PREOPERATIEF(b)

Hemodynamiek studie nr.  
………….…

Inclusiedatum     
  …./…./20….

Inclusiecriteria
 Electieve chirurgie
 Leeftijd > 17 jaar
 Abdominale chirurgie

Medicatie

Geen

Diuretica Antidepressiva/psychotica

Antihypertensiva Anti-arryhtmia

Calciumantagonisten Inotropica

ACE-AT2 Digoxine

B-blokkers Anticoagulantia

Labwaarden preop (tot max 8 weken voor de operatie)

Kreatinine …… µmol/l Leukocyten ………… /l

Natrium …… mmol/l PT …… sec

Kalium …… mmol/l PT-INR ……

Chloor …… mmol/l aPTT …… sec

NTproBNP …… …….. Trombocyten ………… /l

BNP …… …….. Hb …… mmol/l

CRP …… mg/l Ht …… %

HbA1c …… mmol/mol
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Geboortedatum …./…./…….

CRF Hemodynamiek GDT II: INTRAOPERATIEF (a)

Hemodynamiek studie nr.  
………….…

Operatiedatum     
  …./…./20….

Gewicht 
…….. kg

Operatie

Tijdstip binnenkomst …. : ….  (hh:mm) Tijdstip incisie …. : ….  (hh:mm)

Tijdstip inleiding
…. : ….  (hh:mm) Duur operatie

(van in- tot 

uitleiding)

…. : ….  (hh:mm)

Soort anesthesie  �Algeheel via kap Soort ingreep  Open 

 �Algeheel via infuus  Endoscopisch

 �Regionaal (spinaal)
Ingreep

 Whipple 

 Locoregionaal  Maag

 Lokaal  Resectie (deel) darmen

 �Epidurale analgesie 
     tijdens OK

 Lever

Centraal veneuze lijn  Ja    Nee  Oesophagus

Medicatie tijdens operatie Transfusies

Spierverslappers  Ja    Nee Plasma ……. ml

Opiaat  Ja    Nee Trombocyten ……. ml

 Damp  TIVA PCs ……. ml

 Propofol Fibrinogeen concentraat ……. g

 Etomidaat PCC ……. g

 Ketamine Tranexaminezuur       ……. g

 Profylaxe tegen misselijkheid 

Intra operatieve complicaties

Zijn er complicaties  Ja    Nee

Indien ja; welke: ………………...………………………………………………………………..
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Geboortedatum …./…./…….

CRF Hemodynamiek GDT II: INTRAOPERATIEF (b)

Hemodynamiek studie 
nr.  ………….…

Operatiedatum     
  …./…./20….

Vasopressor en inotropie

Noradrenaline
Totale 
dosering

……… 
mg

Maximale dosering
……… mcg /kg/min

Efedrine
Totale 
dosering 

……… 
mg

Aantal bolussen
………

Phenylefrine
Totale 
dosering 

……… 
mcg

Aantal bolussen
………

Adrenaline
Totale 
dosering 

……… 
mcg

Aantal bolussen
………

Dobutamine
Totale 
dosering 

……… 
mcg

Aantal bolussen
………

Andere, nl: ……………………….……. ………. ml  bolus/totaal

Vochtbalans Episodes van MAP < 55

Bloed verlies tijdens OK ………. ml   1-5 minuten

Urine output tijdens OK ………. ml   6-10 minuten

Overig vochtverlies tijdens OK ………. ml   11-15 minuten

Vochtbalans einde OK ………. ml   16-20 minuten

Aantal keren	 MAP 
< 55

………

Infuus

Kristalloïden  Ja    Nee Colloïden  Ja    Nee

NaCl ……. ml Hes ……. ml

Ringerlactaat ……. ml Albumine ……. ml

Balanced ……. ml Gelo ……. ml

Overig; nl ……………………. ……. ml Balanced ……. ml

Overig; nl ……………………. ……. ml

Gebruik van GDT algoritme  Ja    Nee

Indien ja;  SV geleid  CI geleid  PVV geleid  CO geleid
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Geboortedatum …./…./…….

CRF Hemodynamiek GDT III: POST OPERATIEF

Hemodynamiek studie 
nr.  ………….…

Operatiedatum     

  …./…./20….

Ontslagdatum

  …./…./20….

Gewicht 
…….. kg

Ligduur
Complicaties post op  
(gedurende de gehele opname)

Totale ligduur ……. Dagen  Cardiale ischemie

Ligtijd op IC ……. Uren Stijging cardiale enzymen

Ligtijd op MC ……. Uren Wondinfecties

Ligtijd  op een afdeling ……. Dagen Pneumonie

Delier

Re-OK binnen 1 week  Ja    Nee Start antibioticum

Her-opname binnen 1 Naadlekkage

maand op IC  Ja    Nee Platzbauch

Overlijden binnen 30 dagen  Ja    Nee Ileus

Braken

Gebruik diuretica post-op  Ja    Nee TIA/CVA

Nierfunctie stoornissen

Urineweginfectie

Bloedingen

Vochtbalans

Bloed verlies op PACU/IC/MC ………. ml  

Urine output op PACU/IC/MC ………. ml  

Overig vochtverlies op PACU/IC/MC ………. ml  

Vochtbalans bij ontslag naar afdeling ………. ml  
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ABSTRACT

Purpose

Nexfin beat-to-beat arterial blood pressure monitoring enables continuous assessment of hemodynamic 

indices like cardiac index (CI), pulse pressure variation (PPV) and stroke volume variation (SVV) in the 

perioperative setting. In this study we investigated whether Nexfin adequately reflects alterations in 

these hemodynamic parameters during a provoked fluid shift in anesthetized and mechanically 

ventilated patients. 

Methods

The study included 54 patients undergoing non-thoracic surgery with positive pressure mechanical 

ventilation. The provoked fluid shift comprised 15o Trendelenburg positioning, and fluid responsiveness 

was defined as a concomitant increase in stroke volume (SV) >10%. Nexfin blood pressure measurements 

were performed during supine steady state, Trendelenburg and supine repositioning. Hemodynamic 

parameters included arterial blood pressure (MAP), CI, PPV and SVV.

Results

Trendelenburg positioning did not affect MAP or CI, but induced a decrease in PPV and SVV by 3.3±2.8% 

and 3.4±2.7%, respectively. PPV and SVV returned back to baseline values after repositioning of the 

patient to baseline. Bland-Altman analysis of SVV and PPV showed a bias of -0.3 ± 3.0% with limits of 

agreement ranging from -5.6% to 6.2%. The SVV was more superior in predicting fluid responsiveness 

(AUC 0.728) than the PVV (AUC 0.636), respectively. The median bias between PPV and SVV was different 

for patients younger (-1.5% (-3 - 0)) or older (+2% (0-4.75)) than 55 years (P<0.001), while there were no 

gender differences in the bias between PPV and SVV.

Conclusions

The Nexfin monitor adequately reflects alterations in PPV and SVV during a provoked fluid shift, but the 

level of agreement between PPV and SVV was low. The SVV tended to be superior over PPV or Eadyn in 

predicting fluid responsiveness in our population. 
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INTRODUCTION

Pulse pressure variation (PPV) and stroke volume variation (SVV) are increasingly used to monitor 

hemodynamic changes and guide fluid management in non-cardiac surgery or during intensive care 

unit admission in mechanically ventilated patients.(1,2) In particular, both dynamic indices have a higher 

sensitivity and specificity for the prediction of fluid responsiveness in critically ill patients than stroke 

volume or cardiac index.(3)

Monitoring of hemodynamic indices in the perioperative setting, like the PPV or cardiac index, requires 

devices that allow beat-to-beat registration of hemodynamic parameters. The introduction of non-

invasive continuous blood pressure measurement devices in the perioperative setting, like the Nexfin® 

or CNAP-500®, facilitates monitoring of these indices in patients without an indication for an intra-arterial 

line.(4,5) In particular, the Nexfin hemodynamic monitor is increasingly used in the perioperative setting 

and validated for non-invasive measurements of arterial blood pressure.(6-9), cardiac index (CI).(10-12) 

and systolic pressure variation.(13,14) Using a finger cuff, Nexfin arterial blood pressure measurements 

are based on the volume-clamp method with an internal physiologic calibration procedure.(6-8) The 

Nexfin device assesses the PPV based on its continuous arterial blood pressure signal, and uses an 

automated application of arterial pulse wave algorithm to calculate the SVV.(2-4) This algorithm is based 

on the input of age, gender and body surface area to estimate aorta compliance.(11) Specific pulse 

contour analysis for input in the algorithm will subsequently guide the determination of stroke volume 

(SV) a cardiac index.(11)

The clinical applicability of Nexfin PPV and SVV for monitoring of intraoperative fluid shifts has only 

scarcely been investigated and sometimes showed difficulties in rapidly reflecting fluid challenge 

induced changes in cardiac index.(14, 15) In the present study we therefore investigated whether 

Nexfin monitoring can be used to determine the effect of a mild provoked fluid shift by Trendelenburg 

positioning in mechanically ventilated patients on PPV and SVV, and the level of agreement between 

both indices. 

MATERIALS AND METHODS

Patient population
This observational clinical study was performed in the VU University Medical Centre. The Human Subjects 

Committee of VU University Medical Centre approved this study (METc VUmc 2013/087) and patients 

provided informed consent. Included patients underwent elective surgery under general anesthesia 

with positive pressure mechanical ventilation. All measurements took place between endotracheal 

intubation and the first surgical incision during a steady state period following anesthesia induction. 

Patients aging 20-54 years and 55-75 years were included based on an a priori determined cut-off value 
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for age. Exclusion criteria were pregnancy, diabetes mellitus, hypertension, aortic stenosis, chronic heart 

failure, cardiac arrhythmias, peripheral vascular disease or a body mass index (BMI) exceeding 35 kg/m2. 

The study ended after repositioning to supine steady state following Trendelenburg positioning. 

Anesthesia and mechanical ventilation
The anesthetic procedure was not standardized to adhere to routine anesthesia practice, and included 

general anesthesia using propofol and/or sevoflurane (AbbVie BV, Hoofddorp, the Netherlands). 

Vasopressors during anesthesia induction were used upon discretion of the anesthesiologist. After 

induction of anesthesia, patients were endotracheally intubated and mechanically ventilated with 

a positive end-expiratory pressure of 5 mmHg, a tidal volume of 8 ml/kg and a variable, individual 

ventilation frequency among patients. 

Non-invasive arterial blood pressure measurements
Beat-to-beat non-invasive arterial blood pressure measurements were performed using the NexfinCC-

monitor (Edwards Lifesciences, Amsterdam, the Netherlands). Since multiple studies already 

demonstrated acceptable accuracies of Nexfin cardiac index measurements compared to gold standard 

methods like thermodilution or Doppler echocardiography, we used the Nexfin without comparing it 

to a gold standard.(6-8, 10-17)

Briefly, arterial blood pressure waveforms are derived by optical plethysmography using a finger cuff. 

The finger cuff size was chosen based on the measured circumference of the middle phalanx of the 

third digital. A feedback system controls the pressure in the finger cuff, such that finger artery diameter is 

kept at a constant volume according to the volume-clamp method. A transfer function model is applied 

to reconstruct the brachial arterial blood pressure waveform from the finger arterial pressure and to 

correct for pressure differences due to a resistance of flow.(11) The primary measurement objective of 

the NexfinCC-monitor is arterial blood pressure, enabling to subsequent determination of stroke volume, 

cardiac index, and stroke volume variation using the Nexfin CO-trek-algorithm and blood pressure based 

calculation of pulse pressure variation.(11) Stroke volume and cardiac index calculation require the entry 

of patient demographics, including patient age, gender and body surface area as described above. A 

built-in expert system for calibration (Physiocal, BMEYE BV, Amsterdam, The Netherlands) adjusts the 

cuff to determine a proper volume clamp set point. A heart reference system (HRS) was positioned on 

the axillary line of the thorax, at the level of the 4th intercostal space and is used to compensate for 

hydrostatic differences between heart and finger cuff level.

Study procedures
After endotracheal intubation, patients were positioned in supine position and the heart reference 

system was positioned on the axillary line of the thorax, at the level of the 4th intercostal space. 

Demographic variables included body weight, length, age and gender, which were entered into the 

NexfinCC-monitor for calculation of stroke volume and cardiac index. A mark was set on the monitor, and 
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hemodynamic steady state measurements were initiated and continued for 4 minutes. Subsequently, 

the table was adjusted to Trendelenburg position (15o) and another mark was set at the monitor. 

Trendelenburg positioning was initiated during a steady state period following anesthesia induction 

and no vasopressors were administered during the study period. The measurement in Trendelenburg 

position continued for two minutes, and the table was subsequently returned to a neutral position. 

A new mark was set and the measurement continued for another minute in neutral position, which 

marked the end of the measurement procedure.

Study parameters
Study parameters included age, gender, body surface area (BSA; (√((height * weight)/3600)), arterial 

systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP, heart rate (HR), 

pulse pressure (PP), pulse pressure variation (PPV), stroke volume variation (SVV), stroke volume (SV) or 

cardiac index (CI), Patients were categorized according to age (< 55 or ≥55 years) or gender. Dynamic 

arterial elastance (Eadyn) was defined as the PPV/SVV ratio and used as indicator of arterial tone based 

on the publication of Monge Garcia et al.(18) We further evaluated the number of patients with an 

increase in MAP and CI upon Trendelenburg positioning in subjects with a steady state Eadyn below or 

exceeding 0.89, which was defined by Monge Garcia as the value that discriminates between blood 

pressure unresponsiveness to fluids (<0.89) or responsiveness to fluids (≥0.89). In case of Eadyn <0.89 

vasopressors are required for increasing the MAP.(18)

Data and statistical analysis
Nexfin CC data were extracted using Frame Inspector (Frame inspector software version 2.3.0.2, BMEYE 

BV, Amsterdam, the Netherlands) and analyzed using SPSS Statistics version 17.0 (IBM, New York, USA). 

Results are expressed as mean ± SD or median with interquartile range. Mean hemodynamic values 

were calculated over a period of 30 seconds recorded during the initial steady state (baseline) and at 

four consecutive time frames of 15 seconds during the first minute in Trendelenburg position and in 

the neutral supine position following Trendelenburg. Pulse pressure variation (PPV) was defined as the 

relative variation between the highest (PPmax) and lowest (PPmin) pulse pressure divided by the mean 

of PPmax and PPmin (PPV (%) = 100 * (PPmax-PPmin)/((PPmax+PPmin)/2)). Stroke volume variation (SVV) was 

defined as the relative variation between the highest (SVmax) and lowest (SVmin) stroke volume divided by 

the mean of SVmax and SVmin (SVV (%) = 100 * (SVmax-SVmin)/((SVmax+SVmin)/2)). Changes in hemodynamic 

parameters upon Trendelenburg positioning (TB start) when compared to steady state values were 

analyzed using a paired T-test. The decrease in PPV and SVV upon Trendelenburg positioning was 

assessed using repeated measures ANOVA (RM). 

The ability of the SVV or PPV to predict a relative increase in stroke volume of 10% or more upon 

Trendelenburg positioning, which was defined as fluid responsiveness, was assessed with a Receiver 

Operating Characteristic (ROC) curve. The relative increase in stroke volume was determined from 

baseline values and the highest value during Trendelenburg positioning. The predictive value of PPV or 
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SVV was expressed as the area under the curve (AUC) with 95% confidence intervals. The AUC’s for the 

SVV and PPV were compared using the method described by DeLong et al..(19) A Mann Whitney U test 

was performed to determine statistical differences among the difference between PPV and SVV for age 

and gender, while Pearson correlations was calculated for the relation between different parameters. 

Frequencies were analyzed using a Chi-square test. A P-value of less than 0.05 was considered as 

statistically significant.

RESULTS

Patient characteristics
The study included 54 patients (30 females / 24 males) with an average age of 45 ± 16 years and body 

mass index of 25.5 ± 3.6 kg/m2. We observed no technical failure of the Nexfin device, and retrieved a 

non-invasive arterial blood pressure waveform in all included patients. After anesthesia induction and 

endotracheal intubation, baseline hemodynamic parameters estimated 98 ± 16 mmHg (SBP), 62 ± 9 

mmHg (DBP), 76± 12mmHg (MAP), 78 ± 13 beats per minute (heart rate) and 3.1 ± 0.7 l m-2 min-1 (CI).

Changes in hemodynamic parameters during a provoked fluid shift (figure 1)
Trendelenburg positioning did not induce a change in mean arterial pressure (panel A), or systolic 

or diastolic blood pressure (data not shown). Upon Trendelenburg positioning (TB start), the heart 

rate slightly decreased when compared to steady state (panel B; P<0.001), and remained unaltered 

throughout the rest of the study period. Both pulse pressure variation (PPV; panel C) and stroke volume 

variation (SVV; panel D) significantly decreased upon Trendelenburg positioning (RM; both P<0.001), and 

returned to baseline values after repositioning to supine steady state. While Trendelenburg positioning 

slightly increased stroke volume (TB start; P=0.02; panel E) when compared to steady state values, cardiac 

index remained unaltered (panel F). The number of patients with a decrease in SVV or PPV of 3% or 

more after 15o Trendelenburg positioning estimated 59 % and 56%, respectively. During Trendelenburg 

positioning, SVV and PPV decreased by 3.4 ± 2.7% and 3.3 ± 2.8%, respectively.
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Figure 1. Changes in mean arterial pressure (MAP; panel A), heart rate (panel B), pulse pressure variation (PPV; panel 
C), stroke volume variation (SVV; panel D), stroke volume (panel E) and cardiac index (CI; panel F) during Trendelenburg 
(TB) and reversal to neutral supine position. Data represent mean ± standard deviation.

Overall, 11 out of 54 patients responded to the fluid challenge as defined by a minimal rise in stroke 

volume of 10% during Trendelenburg positioning. The SVV and PPV decreased by 3.7 ± 3.0% and 3.8 ± 

3.8% in case of fluid responsiveness, and 3.3 ± 2.6 and 3.2 ± 2.6% in patients who did not respond to a 

fluid challenge, respectively. Figure 2 shows that the SVV (Panel A; AUC 0.728; CI 0.551-0.906; specificity 

67%, sensitivity 82%) tended to be superior in the prediction of fluid responsiveness compared to PPV 

(AUC 0.636; CI 0.462-0.811; specificity 44%, sensitivity 82%) upon Trendelenburg positioning. There was 

no significant difference in the AUC’s of the SVV and PPV (P=0.079). Fluid responsiveness was equally 

present in the group of patients with an Eadyn < 0.89 or Eadyn > 0.89 (16% vs. 29%, respectively; P=0.263). 

Subdivision of patients according to Eadyn showed a slight improvement in the AUC for the predictive 
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value of PPV and SVV for fluid responsiveness in subjects with an Eadyn < 0.89 (Figure 2, panel B), while the 

AUC for PPV and SVV converged to lower values in patients with an Eadyn > 0.89 (panel C). 

Figure 2. Receiver Operating Characteristic (ROC) curves to assess the predictive value of the steady state stroke 
volume variation (panel A; SVV; straight line; AUC 0.728 CI 0.551-0.906) and pulse pressure variation (PPV; dotted line; 
AUC 0.636 CI 0.462-0.811) to predict fluid responsiveness defined as an increase in stroke volume of 10% or more 
upon Trendelenburg positioning. Panels B and C show the ROC curves for PPV and SVV in patients with an Eadyn < 0.89 
or Eadyn > 0.89, respectively. AUC = area under the curve with 95% confidence intervals (CI).
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Differences between PPV and SVV values
Figure 3 shows that the difference between PPV and SVV shifted to negative values (SVV > PPV) for 

patients younger than 55 years, and to positive values (PPV>SVV) in patients aging 55 years or older 

(panel A; P<0.001). The PPV-SVV difference was similar among male and female patients (panel B). There 

was a very small correlation between body surface area and the difference between PPV and SVV (panel 

C; r=0.16; P=0.046).

Figure 3. The difference between PPV and SVV as revealed by Bland Altman analysis was categorized for age (<55 
or ≥ 55 years; panel A), gender (panel B) and body mass index (<25 or ≥ 25 kg/m2; panel C). Data represent mean ± 
standard deviation. P-values are shown in the figure panels.

The dynamic arterial elastance expressed as the PPV/SVV ratio during Trendelenburg positioning and 

repositioning for patients younger and older than 55 years is shown in figure 4. The PPV/SVV ratio was 

higher for older patients when compared to younger patients (P<0.001; repeated measures analysis). 

The Eadyn was further subdivided in values higher or lower than 0.89. In patients with a steady state Eadyn 

<0.89 (all patients with an age < 55 years), the MAP and CI increased in 52.9% and 29.4% of all subjects, 

respectively, after Trendelenburg positioning. For patients with an Eadyn ≥ 0.89 (all patients with an age 

≥ 55 years), the MAP and CI increased in 40.5% and 40.5% of the cases, respectively, after Trendelenburg 

positioning.
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Figure 4. Dynamic arterial elastance (Eadyn) expressed as the ratio between pulse pressure variation and stroke 
volume variation for patients younger (n=22) or older (n=21) than 55 years. Supine = repositioning to supine state. 
Data represent mean ± standard deviation P<0.001 (repeated measures analysis) for changes in dynamic arterial 
elastance over time between groups.

DISCUSSION

This study shows that the Nexfin non-invasive arterial blood pressure monitor reflects a mild provoked 

fluid shift after Trendelenburg positioning in mechanically ventilated patients by alterations in the pulse 

pressure variation (PPV) and stroke volume variation (SVV), while the mean arterial pressure (MAP) and 

cardiac index (CI) were not sensitive enough to reflect this fluid challenge. While PPV is directly derived 

from non-invasive arterial blood pressure measurements, the Nexfin SVV is calculated based on the 

Nexfin CO-trek algorithm, which requires input of patient demographics. The baseline SVV tended to be 

superior over PPV in predicting fluid responsiveness in our population. Our findings indicate that the PPV 

and SVV are of additional value to static indices for clinical determination of fluid shifts in anesthetized 

patients. 

In accordance to our study, Rex et al. investigated the effects of Trendelenburg positioning (30o) on 

hemodynamic parameters and found a decrease in stroke volume variation, but increase in cardiac 

index following Trendelenburg.(20) Cardiac index had a lower predictive value for fluid responsiveness 

than SVV.(20) They concluded that SVV is more dominantly influenced by cardiopulmonary effects 

on the filling state of the patient, while cardiac index is subject to changes in preload, the position at 

the Frank Starling curve and a baroreceptor-mediated decrease in heart rate following Trendelenburg 

positioning.(20) We only observed a small decrease in heart rate, while cardiac index remained stable 
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during Trendelenburg positioning based on the increase in stroke volume. In 20% of the patients, stroke 

volume increased by 10% or more, and these patients were indicated as fluid responsive. Although the 

SVV and PPV had a predictive value that exceeded 0.5, both indices did not reach a high specificity and 

sensitivity.

Continuous arterial blood pressure monitoring was used for evaluation of ventilation-induced changes 

in pulse pressure and stroke volume. While the PPV is directly derived from the blood pressure signal, 

evaluation of the SVV requires an additional algorithm based on pulse contour analysis from arterial 

blood pressure waveforms.(11) It might be argued that the algorithm required for calculation of the SVV 

may introduce a measurement bias, as this algorithm requires insight in individual aortic compliance. 

Although it was previously shown that the Nexfin CO-trek-algorithm that is required for SVV calculations 

is superior to pulse contour analysis.(11), our insight in the differences between arterial blood pressure-

based PPV and SVV values is currently limited. Cannesson et al. compared respiratory variations in pulse 

pressure with SVV using the Vigileo/FloTrac arterial blood pressure device, and found a bias of -1.3% 

with a deviation of 2.8%.(21) In light of this small bias, they concluded that SVV monitoring could serve 

as alternative for pulse pressure variation, as Vigileo/Flotrac does not allow continuous monitoring of 

changes in pulse pressure. A second study that focused on a comparison of Ohmeda PPV with Vigileo/

FloTrac SVV in surgical patients revealed a bias of -0.70% between PPV and SVV, which was also small 

enough to suggest that the PPV could be used in clinical routine.(22) In our study we used one device to 

simultaneously measure PPV and SVV during Trendelenburg positioning, which does not allow a level of 

agreement analysis. However, we observed differences in PPV and SVV values, and questioned whether 

the calculation of SVV based on the arterial blood pressure waveform might be influenced by patient 

demographics that are required for the Nexfin CO-trek-algorithm. Indeed, we found that the difference 

between PPV and SVV in younger patients (<55 years) changed from a negative bias to a positive bias in 

older patients (≥55 years). The Nexfin CO-trek-algorithm uses a fixed estimation of vascular compliance 

based on gender and age, and stroke volume calculations may therefore reveal an age-dependent effect, 

resulting in a lower SVV than PPV following a provoked fluid shift in older subjects. Hofer et al. stated the 

SVV to be superior to PPV for predicting fluid responsiveness from a physiological point of view, since 

PPV is assumed to be more susceptible to vascular influences than SVV.(23), but our data suggest that 

the PPV is a more age-independent parameter for the determination of fluid responsiveness using the 

Nexfin monitor.

Nexfin cardiac index values have proven to be unreliable in studies in critically ill patients, since they 

included patients with potentially confounding factors due to abnormal vascular tone, peripheral 

hypoperfusion due to septic shock, or cardiac stunning.(24-26) The present study was performed 

in a population with normal peripheral perfusion, and previous reports have shown a good level of 

agreement with thermodilution measurements or transthoracic or esophageal Doppler cardiac index 

in this population.(10,11,16, 27) Bubenek et al. concluded the Nexfin device to have limited accuracy 
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compared with the pulmonary artery catheter, however being able to reliably track cardiac output 

changes after inducing preload-modifying actions in a post-cardiosurgical population.(28) 

We investigated whether the Eadyn can be used in the decision to administer fluids or vasopressors as 

previously suggested.(18) We however found that, using Nexfin hemodynamic monitoring, the PPV/SVV 

ratio as indicator of Eadyn is different in younger and older subjects. These findings should be considered 

in light of the assumption that all included patients had a normal preload reserve, which is a prerequisite 

for Eadyn measurements. An adequate preload reserve is defined as a normal distensibility of the left 

ventricle, and is most likely to be normal in our study population that consisted of subjects without 

diabetes mellitus or cardiovascular diseases. Besides, the proposed Eadyn threshold for determination 

of blood pressure sensitivity to fluid loading seemed unreliable in the current population, although we 

have to emphasize that vasopressor effects were not evaluated in this study. 

We used a tidal volume of 8 ml/kg or more, with a positive end expiratory pressure of 5 mmHg in 

patients with a closed thorax and without arrhythmias in order to reliably measure PPV and SVV.(29) 

Trendelenburg positioning was performed to provoke a fluid shift in our patients, and we acknowledge 

that this method induces a weaker response in dynamic indices than a fluid bolus or passive leg raising.

(30) The disadvantage of a mild fluid shift is that the subsequent changes in hemodynamic indices 

might be blurred by the variation in the precision of the Nexfin device. Our study is further limited by 

the use of data obtained following anesthesia induction, without taking intraoperative fluid shifts and 

surgical maneuvers into consideration. 

In conclusion, we show that Nexfin PPV and SVV reflect changes in the filling state of the patient, and are 

more sensitive to these fluid changes than mean arterial pressure and cardiac index. In the context of its 

non-invasive nature, Nexfin may therefore be of clinical value during monitoring of patients subjected 

to intraoperative fluid shifts. However, there is an age-dependent difference in PPV and SVV, which may 

be of influence on the choice for the right dynamic indicator for fluid responsiveness.
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ABSTRACT

We investigated which hemodynamic parameter derived from Nexfin non-invasive continuous arterial 

blood pressure measurements is superior in the detection of controlled volume loss in spontaneously 

breathing subjects. 

Hemodynamic monitoring was performed in 40 whole-blood donors. The mean arterial pressure 

(MAP), cardiac index (CI), systemic vascular resistance index (SVRi) and pulse pressure variation (PPV) 

were recorded during controlled breathing and a Valsalva manoeuvre before and after blood donation. 

Blood donation resulted in a significant reduction in cardiac index (from 3.96±0.84 to 3.30±0.61 L/min/

m2; P<0.001) and an increase in the SVRi (from 1811±450 to 2137±428 dyn*s/cm5*m2; P<0.001) and 

PPV (from 13.4±5.1 to 15.3±5.4%; P=0.021) during controlled breathing. The area under the receiver 

operating characteristic curve was the highest for CI (0.94; 95% CI 0.88-0.99) and SVRi (0.90; 95% CI 0.82-

0.99). 

Nexfin is a non-invasive hemodynamic monitoring that can feasibly detect volemic changes in 

spontaneously breathing subjects. 
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INTRODUCTION

The assessment of volemic changes during anesthesia and surgery may contribute to the avoidance of 

hypovolemia or fluid overload.(1-4) A prerequisite for monitoring of volume-related circulatory changes 

is a beat-to-beat registration of arterial blood pressure or cardiac output. While these measurements 

were previously restricted to patients requiring invasive monitoring, novel non-invasive or minimally 

invasive hemodynamic monitoring techniques now allow the assessment of these indices in the surgical 

population or in awake subjects admitted to the general ward.(5)

Advanced hemodynamic monitoring in spontaneously breathing, awake subjects may be particularly 

beneficial in the early identification of postoperative complications.(6) It is however questioned which 

hemodynamic indices are of value in spontaneously breathing subjects, as normal breathing may exert 

disturbing effects on indices like the pulse pressure variation (PPV) or stroke volume variation (SVV), 

which are absent during mechanical ventilation.(7-10) Our group and others however showed that 

in non-ventilated, spontaneously breathing subjects, the PPV and SVV can be reproducibly measured 

during standardized breathing manoeuvres.(11,12) In particular, from the study by Hong et al. it was 

concluded that the predictive value of the PPV during forced inspiration for fluid responsiveness was 

stronger compared to spontaneous breathing.(12) In contrast, the Nexfin dynamic elastance (Eadyn) 

based on the PPV/SVV ratio adequately predicted the arterial pressure response to a fluid bolus in 

spontaneously breathing patients without forced breathing manoeuvres.(13) To avoid the influence of 

breathing artefacts on hemodynamic indices, others investigated the ability to detect a volume shift in 

conscious volunteers using cardiac output (15) or stroke volume.(16) O’Loughlin reported that cardiac 

output values derived by distinct minimally invasive hemodynamic devices adequately reflected at best 

a 2.5% estimated blood volume loss in normally breathing volunteers.(15) The optimal hemodynamic 

indicator for fluid shifts is however still under debate in spontaneously breathing subjects. We therefore 

investigated which hemodynamic parameter derived from non-invasive continuous arterial blood 

pressure measurements using a Nexfin monitor is superior in the detection of controlled volume loss in 

blood donors during forced breathing manoeuvres. 

METHODS

This prospective, observational clinical study was approved by the Human Subjects Committee of the 

VU University Medical Centre, Amsterdam, the Netherlands (NL32342.029.10) and written informed 

consent was obtained from all subjects. Hemodynamic function testing was performed in 46 volunteers 

who were scheduled for a 500 ml whole blood donation at the Sanquin Blood Supply facilitation 

(Amsterdam, the Netherlands). Adult subjects were excluded when they were older than 60 years or in 

case of a body mass index < 15 kg/m2 or> 35 kg/m2, in case of underlying cardiovascular diseases or the 

use of beta-blockers, diuretics or anti-hypertensive medication.
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Before blood donation, baseline non-invasive arterial blood pressure measurements were performed 

over a period of 20 minutes while the subject was at rest. Hemodynamic assessments were performed 

during 1) supine steady state (SSS; 3 minutes); 2) controlled breathing at a respiratory frequency of 

10 breaths/minute (CB; 5 minutes) and 3) two Valsalva manoeuvres (VM) in supine position with a 20 

degree angle of tilt. The Valsalva manoeuvre consisted of a period of deep inspiration followed by forced 

expiration through a closed mouthpiece connected to a manometer (Econosto®, Capelle a/d IJssel, The 

Netherlands).(11) A small leak in the system prevented undetected closure of the glottis. Volunteers were 

encouraged to maintain a pressure of 40 mmHg for a period of 15 seconds and then suddenly release 

the pressure and resume their normal breathing pattern. The measurements under supine steady state 

conditions, forced breathing and the Valsalva manoeuvre were directly repeated after blood donation.

Arterial blood pressure measurements were performed using a non-invasive continuous arterial blood 

pressure measurement device (Nexfin, BMEYE Edwards Lifesciences, Amsterdam, the Netherlands) as 

described before.(11,17) Using an inflatable finger cuff beat-to-beat arterial pressure waveforms were 

determined by photo plethysmography. The finger cuff was selected based on the circumference 

of the middle phalanx of the third finger. The brachial arterial pressure waveform was automatically 

reconstructed using a transfer function and level correction based on a vast clinical database. The monitor 

uses a built-in physiological calibration method (PhysiocalTM, BMEYE, Amsterdam, the Netherlands) to 

check and adjust the set point of the clamped artery after a maximum of 80 heartbeats. To correct for 

hydrostatic pressure differences between finger and heart level, a heart reference system (HRS™) was 

applied to the finger, and the reference part is placed at the level of the right atrium in the mid-axillary 

line. Nexfin provides model-based calculations of cardiac output, stroke volume and cardiac index based 

on the CO-trek model.(18)

Subject demographics including bodyweight, length, body mass index, smoking and the presence of 

comorbidities were recorded on a case record form. Hemodynamic parameters included systolic and 

diastolic blood pressure, mean arterial pressure (MAP), heart rate, cardiac index (CI), systemic vascular 

resistance index (SRVi) and pulse pressure variation (PPV) before and after blood donation.

Pulse pressure variation was defined as the per cent variation between the highest and lowest pulse 

pressure. The PPV was calculated as = ((PPmax – PPmin)/(PPmax + PPmin)/2)× 100, where the PPmax is 

the maximal pulse pressure and PPmin the minimal pulse pressure during the respiratory cycle. The PPV 

was calculated for controlled breathing and the Valsalva manoeuvre. The pulse pressure variation during 

controlled breathing was calculated for a period of five seconds. During the Valsalva manoeuvre, the 

pulse pressure variation was calculated in periods of five seconds from the moment of deep inspiration 

before the forced expiration against a manometer until the first inspiration after the sudden release of 

pressure. 
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Data were analysed using NFPlayer (Nexfin NFPlayer version® 1.0.3623.21532, BMEYE, Amsterdam, the 

Netherlands). Statistical analysis was performed on a personal computer using the SPSS statistical 

software package v18.0 (IBM, New York, USA). Demographic variables were represented by the median 

with interquartile range (non-parametric variables) or mean with standard deviation (numeric variables). 

A paired T-test was used to compare changes in hemodynamic parameters before and after blood 

donation. A correct expected response was observed when blood donation was associated with a 

decrease in mean arterial pressure or cardiac index, or an increase in the systemic vascular resistance 

index or pulse pressure variation. The predictive value of each hemodynamic parameter was calculated 

using a Receiver Operating Characteristics curve and expressed as the Area Under the Curve (AUC). 

P<0.05 was considered as statistically significant.

RESULTS

The study population consisted of 46 voluntary whole-blood donors. Table 1 shows the baseline 

characteristics of the blood donors. The database included nine smokers and four volunteers with 

comorbidities (hypothyroidism (n=1), asthma (n=2), and type 2 diabetes mellitus (n=1)). In total, six 

volunteers did not meet the inclusion criteria due to age (n=5) or missing pulse pressure variation 

data due to arrhythmia (n=1), and were excluded from further data analysis. Baseline hemodynamic 

parameters before blood donation are shown in table 1.

Parameter	 Value

Number of donors 40

Gender (females) 70%

Age (years) 39 ± 13

Length (cm) 174 ± 10

Weight (kg) 74 ± 14

Body mass index (kg/m2) 24 ± 3

Smoking 15%

Systolic blood pressure (mmHg) 115 ± 15

Diastolic blood pressure (mmHg) 66 ± 7

Mean arterial blood pressure (mmHg) 84 ± 10

Heart rate (beats per minute) 68 ± 9

Cardiac index (L min-1 m2) 3.6 ± 0.8

SVRi (dynes s-1cm-5) 1980 ± 477

PPV during controlled breathing (%) 13.3 ± 5.0

PPV during Valsalva manoeuvre (%) 13.1 ± 4.7

Table 1.  Baseline characteristics and hemodynamic parameters of whole-blood donors. SVRi = systemic vascular 
resistance index; PPV = pulse pressure variation.
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Figure 1 shows the individual changes in hemodynamic indices after blood donation. Controlled volume 

loss during blood donation did not alter the mean arterial pressure (MAP; panel A) but resulted in most 

subjects in an increase in the systemic vascular resistance index (SVRi; panel B) and decrease in cardiac 

index (CI; panel C). The pulse pressure variation (PPV) during controlled breathing (CB; panel D) and the 

Valsalva manoeuvre (VM; panel E) increased only in 50% of the subjects. 
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Figure 1. Individual changes in Nexfin mean arterial pressure (MAP; panel A), systemic vascular resistance index (SVRi; 
panel B), cardiac index (CI; panel C), pulse pressure variation during controlled breathing (PPV CB; panel D) and pulse 
pressure variation during the Valsalva manoeuvre (PPV VM; panel E) from baseline to post-donation.
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Figure 2 represents the mean change in the MAP (panel A), SVRi (panel B), CI (panel C), and PPV 

during controlled breathing (panel D) and the Valsalva manoeuvre (panel E). While blood donation 

was associated with a significant reduction in cardiac index (from 3.96 ± 0.84 to 3.30 ± 0.61 L/min/m2; 

P<0.001), the SVRi (from 1811 ± 450 to 2137 ± 428 dyn*s/cm5*m2; P<0.001) and PPV (from 13.4 ± 5.1 to 

15.3 ± 5.4%; P=0.021) during controlled breathing significantly increased after controlled volume loss. 
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Figure 2. Mean values for the Nexfin mean arterial pressure (MAP; panel A), systemic vascular resistance index (SVRi; 
panel B), cardiac index (CI; panel C), pulse pressure variation during controlled breathing (PPV CB; panel D) and 
pulse pressure variation during the Valsalva manoeuvre (PPV VM; panel E) at baseline and after blood donation. Data 
represent mean ± standard deviation. *P<0.05 versus baseline; paired T-test.
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The MAP was the less sensitive for controlled volume loss (from 85.3 ± 9.1 to 85.1 ± 9.5 mmHg; P=0.83), 

and only decreased in 45% of the subjects. There was also no increase in the PPV assessed during Valsalva 

manoeuvre (from 13.1 ± 4.7% to 14.0 ± 5.4%; P=0.14). In contrast, blood donation was in 87% and 85% 

of all subjects associated with an increase in SVRi or decrease in CI, respectively. Pulse pressure variation 

during controlled breathing or the Valsalva manoeuvre increased in 55% and 59% of the subjects after 

controlled volume loss, respectively.

Figure 3 shows the ROC curve of the efficacy of the MAP, CI, SVRi, and PPV to detect a 500 ml volume loss. 

The area under the curve was the highest for CI (0.94; 95% CI 0.88-0.99) and SVRi (0.90; 95% CI 0.82-0.99). 

Table 2 shows the AUC with confidence interval for all hemodynamic parameters. 

Figure 3. Receiver Operating Characteristic (ROC) curve for the cardiac index (black solid line), systemic vascular 
resistance index (black striped line), mean arterial pressure (black dotted line), pulse pressure variation during 
controlled breathing (grey solid line) and pulse pressure variation during the Valsalva manoeuvre (grey dotted line). 
The ROC represents the efficacy of the distinct hemodynamic parameters for detecting a 500 ml volume loss. Values 
for the area under the curve are shown in table 2.

Variable AUC CI

MAP (mmHg) 0.57 0.44-0.71

CI (L min-1 m2) 0.94 0.88-0.99

SVRi (dynes s-1cm-5) 0.90 0.82-0.99

PPV CB (%) 0.48 0.35-0.61

PPV VM (%) 0.43 0.30-0.57

Table 2. Area under the curve for the Receiver Operating Characteristic (ROC) of distinct Nexfin hemodynamic 
parameters for detecting a volume loss of 500 ml in spontaneously breathing subjects. MAP = mean arterial pressure; 
CI = cardiac index; SVRi = systemic vascular resistance index; PPV = pulse pressure variation; CB = controlled breathing; 
VM = Valsalva manoeuvre; PV = predictive value; AUC = area under the curve; 95% CI = confidence interval of AUC.
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DISCUSSION

In this study we have shown that different hemodynamic parameters provided by the Nexfin non-

invasive arterial blood pressure monitor distinctly reflect the loss of a fixed volume in spontaneously 

breathing blood donors. The mean arterial pressure (MAP) and pulse pressure variation (PPV) during 

the Valsalva manoeuvre remained unaltered during blood donation, while volume loss was associated 

with increases in the systemic vascular resistance index (SVRI) and PPV during controlled breathing, 

and a decrease in cardiac index (CI). The SVRI and CI had the highest area under the receiver operating 

characteristic (ROC) curve detecting a 500 ml volume loss.

The extension of advanced hemodynamic monitoring from the intraoperative to the postoperative to 

detect fluids shifts and hypovolemia gains increasing attention. In particular, postoperative hemodynamic 

monitoring might be valuable in the early identification of patients at risk of complications due to hyper- 

or hypovolemia. However, this requires evaluation and validation of devices that allow assessment of 

cardiac output (CO) and pulse pressure variation (PPV) without the necessity of invasive techniques. In 

the present study we applied the non-invasive Nexfin monitor for hemodynamic measurements. The 

Nexfin monitor measures continuous arterial blood pressure and subsequently calculates cardiac output 

(CO) (5,13,16-22) and pulse pressure variation (PPV) (5,11,13,23,24) from the arterial pressure waveform. 

Application of the Nexfin monitor is restricted to patients with normal peripheral perfusion, and several 

studies appointed its limited value in critically ill patients or during septic shock.(25-26) However, in 

the ambulatory setting of a blood donation facility, we did not encounter measurement or technical 

limitations of the Nexfin monitor.

In the recent study by Cecconi and colleagues it was shown that the Nexfin PPV and SVV can be used 

to predict fluid responsiveness in spontaneously breathing patients who are not subjected to forced 

inspiration or controlled breathing manoeuvres.(13) They assumed that spontaneous breathing artefacts 

equally affect the PPV and SVV, and this would therefore have no effect on the PPV/SVV ratio reflecting 

the dynamic arterial elastance.(13) We did not use Eadyn in our study, as this parameter is mainly validated 

to predict whether arterial blood pressure improves after a fluid challenge.(27) Hong and colleagues 

used forced inspiration to overcome the influence of respiration on PPV and SVV measurements.(12) 

Forced inspiration consisted of a few cycles of deep inspiration followed by slow passive expiration. 

It was found that the PPV as measured by the Vigileo system during forced inspiration was predictive 

for the response of patients to a fluid challenge.(12) Although patients were trained to perform forced 

inspiration, the study lacked standardization of the breathing frequency. Moreover, the Vigileo system 

still requires an intra-arterial line, while the Nexfin monitor allows hemodynamic monitoring in the 

postoperative ward. However, in agreement with our findings, Hong et al. show that the PPV and CO 

assessed in spontaneously breathing subjects may be valuable in the detection of fluid shifts, and can 

be applied in a setting outside the operating theater.
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Stewart and colleagues recently published a study where they used photoplethysmography to detect 

low-volume blood loss in healthy subjects who underwent a blood donation of approximately 450 

ml.(28) In contrast to our findings, they showed that the ROC AUC was higher for systolic blood pressure 

than for cardiac output in detecting the loss of 450 ml of blood.(28) Convertino and colleagues used 

an algorithm-based analysis of photoplethysmography and showed an area under the curve of the 

receiver operating characteristic values of 0.90 for the compensatory reserve index for detecting blood 

loss.(29) The controlled volume loss in their study was however twice as large as in our investigation, 

ranging from 1 to 1.3 litres.(29) Others recently showed the predictive value to detect > 10% blood 

loss in eight volunteers, which reflected on estimation a volume of about 500 ml. The hemodynamic 

parameter with the highest predictive value was the FloTrac stroke volume, followed by the CardioQ 

volume.(15) However, the AUCs of the ROC for both indices remained below 0.85, albeit higher than the 

predictive value of heart rate and blood pressure.(15) In our study, cardiac index and systemic vascular 

resistance index were highly predictive for a volume loss of 500 ml. Interestingly, as both parameters are 

theoretically assumed not to be influenced by respiratory artefacts, they can be easily implemented in 

the ambulatory setting to detect uncontrolled blood loss. However, as both parameters can not be used 

to predict fluid responsiveness, a combination with PPV or SVV might be ideal. 

There are several limitations to our study. First, the blood donation population hardly resembles the 

anesthesia population, and our findings might only be limitedly generalizable to patients admitted to 

a hospital ward. However, blood donation is a well-controlled intervention, and allowed a systematic 

evaluation of advanced Nexfin hemodynamic parameters. 

Second, we used controlled breathing and the Valsalva manoeuvre to reduce the influence of 

spontaneous respiration on the PPV. While the level of standardization of these respiratory manoeuvres 

is limited, the obtained findings do not completely resemble the population of patients subjected 

to mechanical ventilation. However, we previously showed that subsequent measurements of blood 

pressure changes during controlled breathing were reproducible in individuals, and might provide 

information regarding hemodynamic changes upon volume shifts.(11) Since increased intrathoracic 

pressures during a Valsalva manoeuvre are assumed to result in a more extensive caval backward 

pressure, we expected that this would result in a preload decrease and consequent increase in PPV then 

controlled breathing. We however found no increase in the PPV during a Valsalva manoeuvre, while 

controlled breathing was associated with detectable modification of the variation in pulse pressure. 

Moreover, we did not perform a level of agreement analysis of our findings obtained by the Nexfin 

monitor with a gold standard. However, we and others previously showed that Nexfin arterial blood 

pressure and cardiac output show a good agreement with intra-arterial or oesophageal Doppler 

measurements.(17,30,31)
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Finally, our study shows that Nexfin can be easily implemented in this type of setting to assess the 

hemodynamic state of the subject. However, future studies should reveal whether implementation of 

the Nexfin monitor in the postoperative period, including patients at risk for perfusion disturbances, is 

feasible. Especially since practicing of forced breathing manoeuvres seem potentially challenging in a 

post-anesthesia setting. Moreover, in a clinical setting potentially disruptive vasoactive medication can 

disturb interpretations regarding volume status.

In conclusion, Nexfin non-invasive hemodynamic monitoring is feasible to implement for the detection 

of volemic changes in the ambulatory setting. The value of the PPV to predict fluid responsiveness 

should be further elaborated, as we only investigated an intervention that consisted of controlled 

volume loss. In this particular setting, PPV seems not to be the most suitable parameter for detection 

of controlled volume loss. Future studies should reveal whether our findings are generalizable for the 

anesthesia population admitted to a general ward in the postoperative period.
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ABSTRACT

Background

Hemodilution by fluid loading is frequently used to optimize patient hemodynamics, but might have 

disturbing effects on microvascular integrity and function. An increase in the microvascular red blood 

cell-free layer, the so-called perfusion boundary region (PBR), has been shown to be inversely related to 

glycocalyx thickness. This study investigated whether different types of fluids have distinct effects on the 

PBR and microvascular perfusion in healthy subjects. 

Methods

Eighteen healthy volunteers, aged 18 to 85 years, were exposed to two fluid boluses according to a 

fixed protocol over a 60-minute time period. Subjects first received a crystalloid fluid infusion, followed 

by a colloid infusion. During fluid infusion, the PBR and perfused vessel density (PVD) were measured at 

different time points using a sublingual microvascular imaging device.

Results

Crystalloid infusion only increased PBR for vessels with a diameter of 10-19 μm (2.46 ± 0.33 μm, P=0.008) 

immediately after infusion, and for vessels with a diameter of 5-9 (1.13 ± 0.10 μm; P=0.04) and 10-19 μm 

(2.44 ± 0.43 μm; P=0.009) 15 minutes after infusion. Colloid infusion did not alter PBR for any vessel at any 

time point. Fluid infusion did not alter microvascular perfusion. 

Conclusions

In this small, healthy volunteer study we found only a small effect of a crystalloid bolus on the perfused 

boundary region, while microcirculatory perfusion remained unaltered.
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INTRODUCTION

Perioperative fluid resuscitation using crystalloids or colloids to maintain system hemodynamics is of 

influence on the integrity of the vascular wall ) In particular, hemodilution is attributed a central role in 

disturbances in microcirculatory function (3-5), although most evidence is limited to the experimental 

setting. Under normal circumstances, the smallest vessels in the microcirculation (<10 μm) experience 

a relatively larger red blood cell free layer and lower viscosity, also known as the Fahraeus-Lindqvist 

effect, contributing to a reduced microvascular resistance.(1, 6-8) While some suggest that hemodilution 

may potentiate the Fahraeus-Lindqvist effect and microcirculatory perfusion, we however showed 

microcirculatory perfusion abnormalities due to hemodilution in a rat model for cardiopulmonary 

bypass.(3) These observations are independent of system hemodynamics and perfusion pressure.(9, 10)

One of the components that align the plasma free layer in the microvessels is the glycocalyx. The 

glycocalyx consists of a thin layer of glycoproteins and glycolipids on the plasma membrane of the 

microvascular endothelium.(1, 11, 12) Functions in vascular tone, coagulation and inflammatory 

processes are attributed to the glycocalyx.(13-15) The Glycocheck® platform enables the assessment 

of the red blood cell-free layer between the red blood cell column and endothelium using video-

microscopy.(16, 17) It is assumed that an increase in the red blood cell-free layer, the so-called perfusion 

boundary region (PBR), is inversely related to glycocalyx thickness.(16, 17)

Shedding of glycocalyx molecules due to hemodilution may lead to an increased perfused boundary 

region. Animal studies suggest that the glycocalyx serves as a competent barrier for water and colloids, 

but may also be damaged by fluid infusion.(18, 19) Indeed, we showed that the PBR increases after onset 

of cardiopulmonary bypass-related hemodilution, and is closely related to microvascular perfusion.(17) 

Colloids not only contribute to maintenance of intravascular volume, but may also protect the integrity 

of the glycocalyx and endothelial wall, thereby preserving microcirculatory function.(2, 17, 18, 20, 

21) However, data in human subjects are scarce. In the present study we therefore investigated the 

distinct effects of crystalloid and colloid infusion on the cell-free layer in the microvasculature in healthy 

volunteers, and hypothesized that colloid infusion following administration of crystalloids restores the 

perfused boundary region. Next, we investigated the effects of these fluids on the perfused vessel 

density (PBR), and hypothesized that this would result in an increase in density. Moreover, the changes 

in the perfused boundary region were related to red blood cell filling and the perfused vessel density of 

the microvasculature.
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METHODS

Study population
The study was performed in Amsterdam UMC, Location Vrije Universiteit Amsterdam, and the local 

Human Subjects Review Committee approved the study (NTR4468). The study population consisted of 

healthy subjects. Written informed consent was obtained from all subjects included in this study. Healthy 

subjects were eligible to participate in the study if they aged between 18 and 85 years with normal renal 

and liver function. Subjects were excluded if they met any of the following exclusion criteria: peripheral 

edema, cardiovascular disease (hypertension, myocardial ischemia, heart failure), gelatin allergy, use of 

antihypertensive or diuretics, and severe asthma.

Study design
After final check of the inclusion requirement and contraindications, subjects were given an i.v. and 

were exposed to two fluid boluses according to described measurement protocol. Fluids were infused 

intravenously using an infusion needle and volumetric infusion device. First, a bolus of 300 ml Ringer’s 

lactate (Fresenius Kabi, Zeist, the Netherlands) was infused, which was followed by 300 ml of 4% 

succinylated gelatine (Gelofusine; Braun Medical, Oss, the Netherlands), both at an infusion rate of 1000 

ml/hr with a total infusion time of about 17 minutes per type of fluid. Before fluid administration and 

after fluid administration, the microcirculatory perfused boundary region and perfused vessel density 

were monitored using sublingual video-microscopy imaging (Capiscope; KK technology, UK). For safety 

reasons, subjects were hemodynamically monitored by continuous finger arterial blood pressure 

measurements (CCNexfin, Edwards Lifesciences, the Netherlands).(22) The study ended after the last 

microcirculatory measurement had been completed.

Microcirculation measurements
The Capiscope imaging device was used to perform sublingual mucosal microcirculation measurements. 

The perfused boundary region (PBR) was analyzed by Glycocheck software (GlycocheckTM, MicroVascular 

Health Solutions, West Orem, Utah, USA) as previously described.(13,14) The PBR is the layer between the 

glycocalyx and the column of red blood cells during their passage through the vessels, and this layer is 

red blood cell-free. The part of the glycocalyx that does not allow penetration of cells defines the outer 

edge of the PBR. An increase in PBR represents deeper penetration of erythrocytes into the glycocalyx 

and indicates loss of glycocalyx integrity.(23)

Microcirculatory perfusion was quantified as perfused vessel density (PVD) and microvascular flow 

index (MFI). Automatic vascular analysis software (AVA 3.0, Microvision Medical, Amsterdam) was used 

to determine microvascular parameters of relevance. All vessels were identified manually for total vessel 

density (TVD) and analyzed for perfused vessel density (PVD). Subsequently, all vessels were individually 

scored for its flow character (no flow (0), intermittent flow (1), sluggish flow (2) or continuous flow (3)). 

Finally, each quadrant of the screen was scored semi-quantitatively for its predominant flow score 
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(Microvascular Flow Index, MFI, with scores ranging from 0 [no flow] to 3 [continuous flow]). All scores 

were calculated for small vessels (diameter < 20μm) to enable specific focus on the microvasculature, 

important for oxygen exchange. 

Measurement time-points
Six measurements were performed using the Capiscope imaging device over a 60-minute time period: 

at baseline (T0), directly following crystalloid infusion (T1), 15 minutes following crystalloid infusion (T2), 

directly after colloid infusion (T3) and 15 (T4) and 30 (T5) minutes following colloid infusion. Colloid 

infusion was started immediately after T2 (Table 1). 

Measurement protocol

•	 Start Baseline-measurement (T0)  with the Capiscope-device

•	 Start cristalloid infusion: infusionpump @ 1000 ml/h until infusion of 300 ml cristalloid (+/- 18 min) 

•	 Measurement directly post-cristalloid infusion (T1) with Capiscope-device

•	 Measurement 15 min post-cristalloid-infusion (T2) with Capiscope device

•	 Start infusion gelatin: infusionpump @ 1000 ml/h until infusion of 300 ml gelofusin (+/- 18 min) (CAVE: insert 

marker in Nexfin-device!!)

•	 Measurement directly post-gelofusine infusion (T3) with Capiscope-device

•	 Measurement 15 min post-gelofusine-infusion (T4) with Capiscope device

•	 Measurement 30 min post-gelofusine-infusion (T5) with Capiscope device

Table 1. Measurement protocol Statistical Analysis

The endpoint of this study was the change in microvascular perfused vessel density during a crystalloid 

fluid bolus. We estimated that the infusion of 300 ml of crystalloids changed the mean microvascular 

perfused vessel density from 20 (3) mm/mm2 to 17 (3) mm/mm2. With an alpha of 0.05 and beta of 0.8, 

16 healthy subjects were required to show this difference.

Data were stored and analyzed using SPSS 22.0 for Windows (IBM, New York, USA) or Graphpad Prism 

(Graphpad, La Jolla, USA). All values are expressed as mean ± standard deviation, or median with 

interquartile range or frequencies. 

Data for the change in microvascular perfused vessel density after crystalloid infusion is analyzed by 

using a paired T-test. In patients the correlation between the total volume of administered fluids and the 

microvascular perfused boundary region is analyzed using a Pearson correlation. 

Non-parametric data is analyzed using a Chi-square analysis or Wilcoxon Signed Ranks Test. Numerical 

data will be analyzed by a paired T-test (within subject variables) or Pearson correlations. 
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RESULTS

Six males and 12 females were included aging 29 ± 8 years with a body mass index of 22.4 ± 3.3 kg/m2. 

Figure 1 shows the perfused boundary region (PBR) for vessels with a diameter of 5-9 μm (panel A), 10-

19 μm (panel B) and 20-25 μm (panel C) at baseline, which estimated 1.07 ± 0.13, 2.14 ± 0.37 and 2.45 ± 

0.63 μm, respectively (n=18). 
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Figure 1. Perfused boundary region (PBR) for vessels with a diameter of 5-9 μm (panel A), 10-19 μm (panel B) and 
20-25 μm (panel C). The perfused boundary region was measured at baseline, at 0 and 15 minutes after crystalloid 
infusion and at 0, 15 and 30 minutes after colloid infusion. *p<0.01



101

5

CHANGES IN CAPILLARY PLASMA CELL-FREE LAYER DURING A FLUID CHALLENGE

Immediately after infusion (t=0 minutes), the crystalloid solution only induced an increase in the PBR in 

vessels with a diameter 10-19 μm (2.46 ± 0.33 μm, P=0.008) compared to baseline. At 15 minutes after 

the crystalloid infusion, there was a significant increase in the PBR for vessels with a diameter of 5-9 

μm (1.13 ± 0.10 μm; P=0.04) and 10-19 μm (2.44 ± 0.43 μm; P=0.009) compared to baseline. Crystalloid 

infusion did not alter the PBR in vessels with a diameter of 20-25 μm. 

The subsequent infusion of a colloid solution did not alter the PBR for any vessel type at any time point. 

Figure 2 shows the PVD in mm/mm2 for the different time points compared to baseline. 
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Figure 2. Perfused vessel density (PVD) in mm/mm2 measured at baseline, at 0 and 15 minutes after crystalloid 
infusion and at 0, 15 and 30 minutes after colloid infusion

Figure 3 shows the relative perfused vessel density in %. Fifteen minutes after infusion, no differences 

were found for perfused vessel density for T0 vs T2 (72.7 ± 5.6 vs 67.0 ±7.3 mm/mm2, P=0.15) and for T2 

vs T5 (67.0 ± 7.3 vs 66.5 ± 6.3 mm/mm2, P=0.427), although numbers eligible for analysis were very small: 

n=7 and n=8 respectively. Crystalloid nor colloid infusion did alter the PVD, suggesting no influence of 

both fluids on microcirculatory perfusion in this experimental set-up.
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Figure 3. Relative perfused vessel density (PVD) in % measured at baseline, at 0 and 15 minutes after crystalloid 
infusion and at 0, 15 and 30 minutes after colloid infusion.

DISCUSSION

In this study we investigated the effects of crystalloid and colloid infusion on the cell-free layer in the 

microvasculature of healthy volunteers. Our first hypothesis was that colloid infusion following crystalloid 

infusion would restore the perfused boundary region. Our second hypothesis was that changes in the 

perfused boundary region are related to red blood cell filling and the perfused vessel density of the 

microvasculature.

Crystalloid infusion resulted in a relative increase in PBR in vessels with diameter 10-19 μm directly after 

infusion. In vessels with a diameter of 5-9 and 10-19 μm, this increase was observed at 15 minutes after 

infusion, suggesting that crystalloid-infusion related hemodilution is associated with changes in the 

inner vessel wall. Subsequent infusion of a colloid solution did not alter the PBR for any vessel type at 

any time point, suggesting no beneficial effect of colloids after a crystalloid bolus in our healthy study 

population. The infusion of fluids did not alter the perfused vessel density.

While our previous study showed a relationship between increased PBR with reduced microcirculatory 

perfusion, this observation was absent in the current study. This might be explained by the differences 

in study populations. In the previous study, patients were exposed to cardiopulmonary bypass with 

concomitant inflammatory effects and longer-standing hemodilution, while the present study only 

included healthy subjects. 

Adequate fluid resuscitation has been suggested an essential step in stopping glycocalyx breakdown 

and glycocalyx restoration.(25) Individual effects of fluids on the glycocalyx are considered to differ. In 

general, a low-protein environment, independent from colloid osmotic pressure, is considered harmful 
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to the endothelial glycocalyx.(26) Protective effects of proteins are possibly due to protein bound 

factors, like sphingosine-1-phosphate (S1P), inhibiting matrix metalloproteinase induced breakdown 

of the glycocalyx. Proteins, like for example albumin, are assumed to release S1P from red blood cells, 

an important in vivo source of S1P.(27) Fresh frozen plasma has glycocalyx repairing properties as 

well, however the exact mechanism is unknown.(25) Red blood cells are an important source of S1P, 

theoretically contributing to protecting effects on the glycocalyx.(27) In vivo in a rat model however, red 

blood cells on itself did not result in protection of the glycocalyx. In fresh blood or unwashed red blood 

cells they did find positive effects on the glycocalyx, for which residual plasma was held responsible.

(29) Platelets theoretically have a roll in preserving the glycocalyx by improving endothelial intercellular 

bonds and as a source of S1P.(27, 30) However, the effect of platelet transfusion on the glycocalyx is still 

unclear.(25)

Restoration of the glycocalyx is assumed to be a time consuming process; from cessation of glycocalyx 

breakdown to baseline glycocalyx dimensions takes approximately five to seven days.(24) It is therefore 

unclear whether early fluid restoration is effective in preservation of vessel wall integrity. It has been 

shown that early cessation of the glycocalyx breakdown process in case of major trauma of sepsis is 

essential in preventing systemic inflammatory responses.(25) Others showed that early resuscitation 

has more profound protective effects on the glycocalyx than delayed resuscitation.(28) The effects 

of early fluid resuscitation should however be considered in view of the  preexistent fluid status of a 

patient, especially in case of hypervolemia.(34) The effects of fluid loading on the glycocalyx are possibly 

more profound in case of hypervolemic fluid loading compared to acute normovolemic hemodilution.

(34) In particular, it has been shown in guinea pig hearts that the hypervolemia-triggered factor atrial 

natriuretic peptide induces shedding of endothelial glycocalyx by means of increased glycocalyx 

degradation markers syndecan 1 and hyaluronan, which might contribute to vascular permeability.(35) 

Data regarding the direct relationship between ANP and glycocalyx degradation in animals and patients 

show conflicting results, and more research in this field is warranted.(36)

Due to the lack of clinically applicable monitors of vascular shedding, most patient studies report 

glycocalyx breakdown products as indirect measure of glycocalyx thickness. Glycocalyx breakdown 

products are however neither sensitive nor specific for glycocalyx shedding threads. Due to the natural 

physiological variation in glycocalyx breakdown products, vascular wall damage due to shedding 

requires a significant elevation of glycocalyx breakdown products.(14) Therefore, PBR measurements 

are considered as an interesting additional monitoring tool in assessing the thickness of the glycocalyx.

(14) In our study, PBR measurements were added to more standardized vessel density measurements, 

thereby enhancing our insight in vessel wall properties during fluid infusion.

The present study only included health subjects, with adequate vital sighs such as blood pressure and 

heart rate. Despite normal macrocirculatory parameters, the microcirculation can be disturbed by e.g. 

inflammatory factors, suggesting uncoupling of macrocirculatory and microcirculatory hemodynamics.
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(9) In a setting of cardiopulmonary bypass, reflecting extensive microcirculatory disruption, the number of 

microcirculatory vessels is unchanged, while the perfused vessel density is decreased.(48) In the present 

study we only found a small effect of fluid infusion on the perfused boundary region, but no impact of 

the fluid bolus on microvascular perfusion. It must therefore be emphasized that our findings in healthy 

subjects are not interchangeable with findings from patient studies. The lack of an inflammatory state, 

and the short and limited exposure of subjects to fluids and hemodilution may only introduce a mild 

effect on the microcirculation. With these limitations in mind, we can only conclude that a short bolus 

of fluids influences the microcirculatory boundary region, but has no effects on microvascular perfusion 

characteristics. The absent effect of colloids on the perfused boundary region after crystalloid infusion 

might either be due to the small effect of a crystalloid bolus on the vascular wall in health subjects, or 

absent beneficial characteristics of colloids. 
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ABSTRACT

Objective

We investigated whether hemodynamic optimization of systemic tissue perfusion based on pulse 

pressure variation (PPV) and cardiac index (CI) improves microcirculatory perfusion when compared to a 

mean arterial pressure (MAP) based strategy in patients undergoing elective abdominal surgery. 

Methods

Patients were randomized into a PPV/CI guided group (n=13, target PPV < 12%, CI > 2.5 L/min/m2 and 

MAP > 70 mmHg) or MAP-guided group (n=18, target MAP > 70 mmHg). PPV, CI and MAP were measured 

using non-invasive arterial blood pressure measurements. Sublingual microcirculatory perfusion was 

measured at 1, 2 and 3 hours following anesthesia induction, and quantified as total vessel density 

(TVD), perfused vessel density (PVD) or the proportion of perfused vessels. Data were analysed using 

repeated measures ANOVA (RM).

Results

Patients in the PPV/CI group required more fluid administration than control patients (1927 ± 747 ml 

vs. 1283 ± 582 ml respectively; P=0.01). Despite this difference, we observed similar values for TVD 

(RM; F(1.28)=0.01; P=0.92), PVD (RM; F(1.28)=0.09; P=0.77) and the proportion of perfused vessels (RM; 

F(1.28)=0.01; P=0.76) in both groups.

Conclusion

Hemodynamic optimization of systemic tissue perfusion is not associated with improvement of 

microcirculatory perfusion compared to a MAP-guided protocol in patients undergoing abdominal 

surgery.

Netherlands Trial Registration: NTR 3250
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INTRODUCTION

Inadequate tissue perfusion during surgery is one factor associated with perioperative and postoperative 

organ dysfunction and complications.(12,28) Three systematic reviews showed that pre-emptive 

hemodynamic interventions, aiming for optimization, lead to benefits in surgical patients. However, 

these benefits were extensively heterogeneous in nature.(11,13,25)

One can debate about using the term “optimization” since it is still undetermined what an optimal 

hemodynamic state is. Until then, we maintain the word “optimization” in this manuscript for practical 

reasons.

Most hemodynamic regimes in goal directed therapy target different parameters, including cardiac 

output or dynamic indices like stroke volume variation (SVV) and pulse pressure variation (PPV). In 

particular, SVV and PPV are increasingly used to guide fluid management aiming for improvement of 

tissue perfusion.(2,14,22,24) However, while therapy based on cardiac output or SVV/PPV may lead to 

optimization of macrocirculatory parameters and intravascular fluid load, it is still unknown whether this 

is also paralleled by maintenance of blood flow on a microcirculatory level. 

The effect of hemodynamic optimization strategies on perioperative microcirculatory perfusion has 

not been clarified yet. Lu et al. did not find an improvement of microcirculatory perfusion in septic 

patients treated with early goal directed therapy based on central venous pressure, mean arterial 

pressure and SvO2.(23) While Bansch et al. showed only minor alterations in sublingual microcirculatory 

perfusion during major abdominal surgery,(3) Jhanji found that goal-directed therapy based on stroke 

volume following abdominal surgery resulted in maintenance of perfused vessel density. This effect 

commenced four hours after the end of surgery, which was absent in a central venous pressure-guided 

patient group.(16) In septic patients who were hemodynamically optimized based on central venous 

pressure, mean arterial pressure and SvO2, microcirculatory flow was increased, without differences in 

system hemodynamics.(30)

Taking these findings into account, it is still unclear whether goal directed therapy using PPV and CI 

improves microcirculation. We therefore conducted a randomized-controlled study to investigate 

the differences in sublingual microcirculatory perfusion during perioperative maintenance of PPV 

and cardiac index (CI) compared to mean arterial pressure (MAP) based hemodynamic optimization. 

We particularly hypothesized that hemodynamic optimization using a PPV/CI-based protocol is 

accompanied by improved sublingual microcirculatory perfusion when compared to MAP-guided 

management in patients undergoing abdominal surgery.
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MATERIALS AND METHODS

Study design
The Human Subjects Review Committee of the VU University Medical Centre (Amsterdam, the 

Netherlands, METC 2011/249) approved this study. The study was performed in the VU University 

Medical Centre (Amsterdam, the Netherlands) and was a substudy of the COGUIDE study (NTR 3250), a 

multicentre randomized-controlled, single-blinded investigator-initiated clinical trial. Written informed 

consent, in particular for microcirculatory measurements, was obtained from all patients. Data were 

obtained and analysed between September 2012 and March 2014.

Patients undergoing elective abdominal surgery were eligible for inclusion. Inclusion criteria were: 

laparoscopic or laparotomic surgery, age 18 to 85 years and expected surgical duration of more than 90 

minutes. Exclusion criteria were: pre-existing cardiac arrhythmias, emergency operation, intensive care 

patients, body mass index <20 kg/m2 or >40 kg/m2, heart failure, incapacitated patients and known 

aortic valve disease, ejection fraction < 0.3, aortic valve stenosis (surface < 1.2 cm2), pulmonary arterial 

hypertension (> 30 mm Hg or tricuspid annular plane systolic excursion (TAPSE)< 18 mm). Patients were 

randomized to a control group or the intervention group using sealed envelopes on the day before 

surgery, after obtaining informed consent. Envelope contents were invisible from the outside and 

grouping labels inside were folded repeatedly. Patients were blinded for their group classification.

Anesthesia and mechanical ventilation
Patients received general anesthesia according to daily clinical practice, using propofol and/or volatile 

anesthetics, opioids and locoregional anesthesia. Ventilation parameters were standardized as ≥8 ml/

kg (lean body mass) tidal volume, ≥8 cmH2O positive end-expiratory pressure and ≥ 50% O2-air mixture, 

aiming for standardized circumstances appropriate for abdominal surgery.

Hemodynamic monitoring
All patients received an intra-arterial blood pressure catheter for invasive blood pressure monitoring of 

the mean arterial pressure. The intervention protocol was based on alterations in the PPV and CI provided 

by the NexfinCC non-invasive arterial blood pressure monitor (Edwards Lifesciences, Amsterdam, the 

Netherlands).(4,19,29) The Nexfin monitor was also connected to patients in the control group, but in 

this group the monitor was blinded for the investigator. 

Study protocol
In the control group, the guidance of hemodynamic and volume control was based on maintenance of 

a MAP of 70 mmHg or higher. A MAP below 70 mmHg for two minutes or longer was treated according 

to standard clinical routine using phenylephrine, ephedrine and/or fluids. In both groups a small volume 

of fluid was running as baseline infusion during surgery. However, in the control group extra fluids were 



113

6

MICROCIRCULATORY PERFUSION DURING PERIOPERATIVE HEMODYNAMIC STRATEGIES

administered guided by the anesthesiologist’s estimation of patient’s needs and MAP-guided goals. In 

the intervention group additional goals were pursued.

In the intervention group, vasopressors, inotropes and/or fluids were administered according to a goal-

directed protocol (figure 1). 

Figure 1. Representation of the goal-directed protocol that was used in the intervention group. PPV = pulse pressure 
variation; CI = cardiac index; MAP = mean arterial pressure.

The starting point in the intervention group was the PPV. When the PPV was above 12% for two minutes, 

250 mL of fluid was administered over a time period of two minutes.(26) If patients did not reach the 

required PPV level, another 250 ml fluid was given until PPV values decreased below 12%. The first 500 

ml consisted of lactated ringer’s solution followed by colloids. When the PPV was below 12% for two 

minutes, a CI was maintained above 2.5 ml/min/m² using dobutamine (1mg/ml) at 5 ml/h. Evaluation 

took place after three minutes and the dobutamine infusion rate was eventually increased by steps of 

3 ml/h in case of a low CI. Mean arterial pressure was maintained above 70 mmHg using noradrenaline 

(20μg/ml), starting at an infusion rate of 3ml/h. Evaluation took place after three minutes, and the 

noradrenaline infusion rate was eventually altered by steps of 2ml/h in case of a low MAP.
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Microcirculatory imaging 
Sublingual mucosal microcirculation measurements were performed using SDF imaging (Microscan, 

Microvision Medical, Amsterdam, the Netherlands) according to a routine protocol in our department.

(6) Two investigators (RZ and ND) were trained by an experienced user of SDF imaging (NK). Three 

recordings with 10 seconds of stable footage each were made after pressure artefacts were excluded. 

Measurements were performed after induction of anesthesia (T1) and every next hour (T2, T3), until the 

end of surgery. Measurements of three recordings were averaged for every time point. Offline analysis 

of these measurements was performed using automatic vascular analysis software (AVA 3.0, Microvision 

Medical, Amsterdam, the Netherlands), which automatically corrects for small movement artefacts.(6) 

The two investigators (RZ and ND) who obtained the microcirculatory videos were blinded for the 

hemodynamic measurements of PPV, CI and MAP. All vessels were manually identified and scored 

separately as perfused or non-perfused vessels. The proportion of perfused small vessels (vessels < 20 

µm) (PPVsmall) was calculated by dividing the perfused small vessel density (PVD) by the total small 

vessel density (TVD). The median microvascular flow index (MFI) as semi-quantitative flow velocity index 

was scored for all time points, using the classification as previously described: no flow (0), intermittent 

flow (1), sluggish flow (2) and continuous flow (3).(6) 

Other study parameters
Other study parameters that were registered included patient demographics, surgical characteristics, 

blood loss, lactate, ventilation and hemodynamic parameters.

Statistical analysis
Previous studies by our group showed that the average perfusion vessel density (PVD) before 

surgery estimates 15-20 ± 4 mm/mm2.(18) We assumed that the intervention group would maintain 

intraoperative microvascular perfusion, while the PVD would reduce by about 30% in the control group 

in the first hour following induction of anesthesia (T2) to 12 ± 4 mm/mm2. Using a power of 0.8 and 

alpha of 0.05, 13 patients per group were required to perform the study. The expected 30% reduction 

in PVD in the first hour in de control group is explained by observations of Koning et al. However, this 

included a cardiosurgical population, showing a 30% decrease in PVD between preoperative values 

and values just before starting cardiopulmonary bypass.(18) Although the predicted decrease in PVD is 

subjective, absence of similar studies nuancing this, led to adoption of this value for power calculations.

Statistical analyses were performed using SPSS statistical package software (version 20.0; IBM, New 

York, USA). All values are expressed as mean ± SD or median with interquartile range. Data for specific 

time points were analysed using a Student’s t-test. Repeated-measures ANOVA (RM) was performed 

to analyse between-group effects of the parameters with multiple time points (PPV, CI, mean arterial 

pressure, fluid administration, total vessel density, proportion of perfused vessels and perfused vessel 

density). Demographic data were tested with an unpaired t-test for numerical data and a Chi-square test 
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or Fisher’s exact test on categorical data. Non-parametric data were analysed with a Mann-Whitney U 

test. A P-value < 0.05 was considered as statistically significant.

RESULTS

Forty patients were primarily included for microcirculatory analysis. In 9 patients, data were ineligible for 

further analysis. Six patients in the intervention group and three patients in the control group. Patients 

2, 5, 8, 12, 17 and 33 were excluded based on protocol violation. Patients 3, 13 and 40 were excluded 

based on Nexfin failure.

Parameter Control Intervention Significance (p)

n 18 13

Sex (male/female) 9/9 7/6 0.84

Age (years) 60±14 53±16 0.20

Weight (kg) 83.9 ± 19.0 77.4 ± 14.3 0.31

ASA classification I/II/III (n) 2/13/3 2/10/1 0.49

Comorbidities, n (%)

Diabetes mellitus 1 (5.6) 0 (0.0) 0.41

Hypertension 3 (16.7) 0 (0.0) 0.13

Myocardial Infarction 1 (5.6) 1 (7.7) 0.82

Claudication intermittens 0 (0.0) 0 (0.0)

Atrium fibrillation 0 (0.0) 1 (7.7) 0.34

Preexisting edema 0 (0.0) 0 (0.0)

COPD 1 (5.6) 0 (0.0) 0.41

Oncology 10 (55.6) 8 (61.5) 0.75

Medication, n (%)

β-blocker 2 (11.1) 2 (15.4) 0.74

Calcium channel blocker 1 (5.6) 0 (0.0) 0.41

ACE inhibitor or ATII receptor blocker 4 (22.2) 1 (7.7) 0.26

Diuretics 2 (11.1) 0 (0.0) 0.16

Aspirin 3 (16,7) 2 (15.4) 0.93

Table 1. Patient demographics. Data represent mean ± SD or frequencies. ASA classification = American Society 
of Anesthesiologists physical status classification. COPD = chronic obstructive pulmonary disease. β-blocker = 
betablocker. ACE = angiotensin converting enzyme. ATII = angiotensin 2.
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Thirty-one patients were eligible for microcirculatory analyses. Table 1 shows patient demographics for 

the control and intervention group, which were comparable among groups. Table 2 shows the type of 

surgery and factors that may be of influence on macro- and microcirculatory measurements. There are 

no differences between the control and intervention group in blood loss, the use of epidural analgesia 

and type of surgical technique, e.g. open versus laparoscopic surgery. To test the assumption that the 

intraoperative perfused vessel density in the control group would be reduced by 30%, a t-test was 

conducted at T2. However, this showed an increase in the PVD by 7% in the control group (16.3 mm/

mm2 to 17.5mm/mm2).  In the intervention group PVD at T2 showed an increase of 6% (17.2 mm/mm2 

to 18.2mm/mm2).

Parameter
n

Control
18  

Intervention
13

Significance (p)

Surgery, n (%)

Intestinal/Colonic surgery 11 (61.1) 11 (84.6) *

Gastric/esophagus surgery 1 (5.6) 0 (0.0) *

Liver surgery 2 (11.1) 1 (7.7) *

Pancreatic surgery 1 (5.6) 0 (0.0) *

Abdominal gyn. surgery 2 (11.1) 1 (7.7) *

Bladder surgery 1 (5.6) 0 (0.0) *

Epidural analgesia 10 (55.6) 6 (46.2) 0.62

Open/laparoscopic, (n) 5/13 4/9 0.86

Median blood loss, ml 0 (0-500) 0 (0-250) 0.36

Table 2. Surgical characteristics. *: Due to very low numbers no P-value is shown.
Data represent median ± interquartile ranges or frequencies.

Hemodynamic and ventilation parameters
Figure 2 shows the differences in hemodynamic parameters between groups for three consecutive 

time points. For mean arterial pressure and cardiac index all subjects (n=31) are included for analyses 

at all time points. For pulse pressure variation 27 subjects are included for analyses at all time points. 

Of rejected subjects 3 were control group patients and 1 subject was an intervention group patient. 

For amounts of fluids (Figure 3) all subjects are included. To test for group differences the F-ratio was 

calculated.
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Figure 2. Changes in mean arterial pressure (MAP; panel A), cardiac index (CI; panel B) and pulse pressure variation 
(PPV; panel C) during surgery for the control group (open circles) and intervention group (PPV/CI; closed circles). Data 
represent mean ± SD and were analysed using repeated measures ANOVA (RM). N.s. = not significant.

Figure 3. Fluid administration in millilitres during surgery for the control group (open circles) and intervention group 
(PPV/CI; closed circles). Data represent mean ± SD and were analysed using repeated measures ANOVA (RM).

Repeated measures ANOVA revealed no differences in MAP over time between groups (panel A; RM; 

F(1.29)=0.02; P=0.88), while patients in the intervention group showed higher cardiac index values than 

control patients (F(1.29)=4.27; P=0.048; panel B). The PPV was lower in the intervention group when 
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compared to control patients for all time points (panel C; RM; (F(1.25)=11.11;P=0.003). Patients in the 

intervention group received more fluid administration than control patients over three hours (1927 ± 

747 ml vs. 1283 ± 582 ml respectively; Figure 3; RM; (F(1.29)=7.27;P=0.01), which was most pronounced 

in the first hour after start of surgery (P=0.01). 

Microcirculatory perfusion
Figure 4 represents the microcirculatory total vessel density (panel A), perfused vessel density (panel B) 

and proportion of perfused vessels (panel C) for vessels smaller than 20µm. For time points 1 and 2 all 

subjects are included, for time point 3 thirty subjects are included (1 rejected subject in control group). 

There were no within-group differences for total vessel density, perfused vessel density, proportion of 

perfused vessels or microvascular flow index over time.

Repeated measures ANOVA revealed no differences in total vessel density (RM; F(1.28)=0.01;P=0.92), 

perfused vessel density (RM; F(1.28)=0.09;P=0.77) or the proportion of perfused vessels (RM; 

F(1.28)=0.01;P=0.76) between groups. 

Figure 5 shows the median microvascular flow index, which revealed no differences between groups. 

For MFI measurement all subjects are included for time point 1, 30 subjects are included for time point 

2 and 29 subjects are included for time point 3. Lactate measurements at the first postoperative day did 

not show any differences between groups (2.3 ± 2.5 mmol/l in the control group versus 1.7 ± 1.2 mmol/l 

in the intervention group, P=0.44). 
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Figure 4. Course of the microcirculatory total vessel density (panel A), perfused vessel density (panel B) and 
proportion of perfused vessels (panel C) for vessels smaller than 20 Om during surgery for the control group (open 
circles) and intervention group (PPV/CI; closed circles). Data represent mean  } SD and were analysed using repeated 
measures ANOVA (RM). N.s. = not significant.
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Figure 5. Differences in the microvascular flow index (MFI) during surgery for the control group (open circles) and 
intervention group (PPV/CI; closed circles). Data represent median with interquartile range.

DISCUSSION

In the present study we hypothesized that hemodynamic optimization based on pulse pressure variation 

(PPV) and cardiac index (CI) leads to improved microcirculatory perfusion when compared to mean 

arterial pressure (MAP)-guided hemodynamic management in patients undergoing abdominal surgery. 

While goal-directed hemodynamic optimization using the non-invasive Nexfin arterial blood pressure 

monitor resulted in more intraoperative fluid administration, lower PPV values and higher CI values when 

compared to the control group, our study failed to demonstrate improved microcirculatory perfusion in 

the intervention group. In particular, microcirculatory perfusion remained relatively constant throughout 

the intraoperative period, as was also previously reported by Bansch et al in a surgical intensive care 

setting.(3)

In the perioperative setting several studies have shown promising but varying beneficial effects 

of hemodynamic optimization strategies in reducing postoperative morbidity and mortality.

(11,12,13,25,28) Recently, Salzwedel et al. carried out a multicentre study in patients undergoing 

abdominal surgery. They used a study protocol that was largely similar to the one we used in the present 

study, except that in our study a non-invasive arterial blood pressure measurement device was used for 

goal-directed therapy.(27) Their study showed a decrease in postoperative infectious complications, but 

did not involve microcirculation measurements.(27) Although critics claimed that goal-directed therapy 

could potentially lead to an increased incidence of myocardial complications due to fluid challenges 

and inotropic support, two recent meta-analyses proved this fear to be unfounded.(1,11) 

Although perioperative goal-directed therapy protocols aim for optimization of tissue perfusion, it 

is currently unclear whether systemic hemodynamic parameters accurately reflect the final impact 
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on perfusion at local tissue levels. There are several explanations for the absence of a clear effect of 

hemodynamic optimization on microcirculatory perfusion. 

At first, De Backer et al. previously stated that the relation between systemic hemodynamics and the 

microcirculation is not fixed, especially when cardiac output and blood pressure values are within 

normal ranges.(7) This suggests that adequate systemic hemodynamics may still be accompanied 

by derangements in microcirculation. De Backer et al. point out that the microcirculatory perfusion 

might only deteriorate below mean arterial pressure values of 60 mmHg.(7) In the present study we 

maintained mean arterial pressure values above 70 mmHg in both patient groups, which might have 

resulted in preservation of microcirculatory perfusion during surgery. Koning et al. also found evidence 

for uncoupling of systemic and microcirculatory perfusion in patients undergoing cardiac surgery with 

cardiopulmonary bypass.(18)

Moreover, it might be questioned whether local sublingual SDF measurements are representative 

for microcirculatory perfusion in vital organs. We previously showed large differences in sublingual 

microcirculatory perfusion among different treatment modalities in cardiac surgery, suggesting that the 

sublingual microvasculature may indeed be sufficiently sensitive to detect alterations in tissue perfusion.

(17,18) However, most studies detecting differences in microcirculatory perfusion were performed in 

patient populations with significant inflammatory activation as cardiopulmonary bypass or sepsis, 

whereas multiple studies focusing on the effect of vasoactive medication did not find any differences 

in microcirculatory perfusion.(5,8,9) It may therefore be questioned whether SDF is the appropriate 

measurement technique to detect the microcirculatory consequences of moderate hemodynamic 

alterations in elective abdominal surgery.

Further, the lower the expected decrease in microcirculatory parameters, the larger the sample size that 

is required for detecting differences. Possibly, the expected derangements in microcirculation in the 

control group are more subtle than predicted, needing a larger sample size. 

One might discuss whether SDF imaging has enough distinctiveness to detect more subtle 

derangements in microcirculatory parameters. SDF imaging seems more sensitive to differences in the 

diffusive component (described by perfused vessel density) than in the convective component of the 

microcirculation (simplified represented by microvascular flow index, hematocrit).(17)

Finally, one may argue whether the chosen hemodynamic indices to guide goal-directed therapy are 

indeed contributing to improvement of local tissue perfusion. Lopes et al. previously showed that goal-

directed therapy using PPV and CI as target parameters decreased the median duration of hospital-

stay and complication-rate.(21) Additionally, Lobo et al. used venous oxygen saturation and the oxygen 

extraction ratio as indices for the adequacy of local tissue perfusion, but only found an association 
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for the oxygen extraction ratio with postoperative complications.(20) Venous oxygen saturation and 

oxygen extraction ratio are only derivatives of adequacy of perfusion, and we consider sublingual 

microcirculatory blood flow measurements as a more direct reflection of the adequacy of tissue 

perfusion. Our study however did not consider microcirculatory perfusion as clinical endpoint, and it 

might be interesting to investigate whether goal-directed therapy using microcirculatory perfusion as 

target parameter could contribute to optimization of the hemodynamic profile of surgical patients.(15)

Since lactate is only a surrogate of perfusion, the lack of differences in lactate levels on day one 

postoperatively warily supports our finding that there were no long lasting microcirculatory differences 

between groups. 

Since optimization of hemodynamic indices did not improve microcirculatory parameters in the present 

study, it is questionable if microcirculatory monitoring should be the target parameter for improving 

postoperative outcome. Therefore, and due to limited sample size, no reliable conclusions for adequacy 

of sublingual microcirculation as a goal-directed target parameter can be drawn from our study. The 

small sample size in the present study did not allow evaluation of postoperative outcome differences 

between groups. The larger COGUIDE study, a multicentre randomized controlled trial, which included 

the present investigation as sub-study, might reveal more information on patient outcome after 

hemodynamic optimization in abdominal surgery. Another limitation includes the technical difficulties 

with the Nexfin device that resulted in exclusion of three out of forty patients.

Recent advances in “state-of-the-art” ventilator settings provide new insights into optimal ventilation 

strategies. However, ventilator settings as described above are necessary for reliable results as reported 

by the Nexfin device. The Futier and PROVHILO-results, recently giving new insight into optimal 

ventilation strategies, were not published yet when performing this study.(10-31) There may be plausible 

effects of the currently used ventilator settings on macrocirculatory and microcirculatory parameters. 

Yet, ventilator settings are equal for both groups and in our opinion no major confounding factor for 

microcirculatory intergroup comparison.

Other factors that may influence the microcirculation are type of surgery (open versus laparoscopic), 

blood loss and epidural analgesia. These factors were similar among groups (table 2) but given the 

small sample size of our study we did not perform a multivariate analysis to correct for these possible 

confounders. Unfortunately, no cumulative noradrenaline amounts were recorded in this study, 

impeding intergroup comparison on this point.

In the end, the recent thorough Cochrane analysis regarding goal-directed hemodynamic optimization 

concluded that postoperative complication rate and length of hospital stay can be reduced, however 

without reducing mortality. Heterogeneity in study designs of included studies force us to carefully 
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interpret these results until more adequately powered studies are performed.(11) Drawn conclusions 

after this review largely support us in our represented nuances as described in the discussion.

Perspectives
Hemodynamic optimization in elective abdominal surgery using a non-invasive arterial blood pressure 

measurement device is beneficial in improving the hemodynamic parameters PPV and CI when 

compared to a MAP-based control group. However, optimization of systemic hemodynamics did not 

result in enhancement of sublingual microcirculatory perfusion. 

Future studies should reveal whether the absence of microcirculatory benefits should be attributed to 

the systemic hemodynamic profile in either study groups or limitations of microcirculatory measurement 

devices. 
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SUMMARY

There is disagreement regarding the benefits of goal-directed therapy in moderate-risk abdominal 

surgery. Therefore, we tested the hypothesis that the addition of non-invasive cardiac index and pulse 

pressure variation monitoring to mean arterial pressure-based goal-directed therapy would reduce the 

incidence of postoperative complications in patients having moderate-risk abdominal surgery. In this 

pragmatic multicentre randomised controlled trial, we randomly allocated 244 patients by envelope 

drawing in a 1:1 fashion, stratified per centre. All patients had mean arterial pressure, cardiac index and 

pulse pressure variation measured continuously. In one group, healthcare professionals were blinded to 

cardiac index and pulse pressure variation values and were asked to guide hemodynamic therapy only 

based on mean arterial pressure (control group). In the second group, cardiac index and pulse pressure 

variation values were displayed and kept within target ranges following a pre-defined algorithm (CI-PPV 

group). The primary endpoint was the incidence of postoperative complications within 30 days. One 

hundred and seventy-five patients were eligible for final analysis. Overall complication rates were similar 

(42/94 (44.7%) vs. 38/81 (46.9%) in the control and CI-PPV groups, respectively; p = 0.95). The CI-PPV 

group had lower mean (SD) pulse pressure variation values (9.5 (2.0)% vs. 11.9 (4.6)%; p = 0.003) and 

higher mean (SD) cardiac indices (2.76 (0.62) l min−1.m−2 vs. 2.53 (0.66) l min−1.m−2; p = 0.004) than the 

control group. In moderate-risk abdominal surgery, we observed no additional value of cardiac index 

and pulse pressure variation-guided hemodynamic therapy to mean arterial pressure-guided volume 

therapy with regard to postoperative complications.
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INTRODUCTION

Goal-directed therapy is frequently applied with the intention to optimise peri-operative hemodynamic 

profiles and maximise oxygen delivery in patients undergoing abdominal surgery.(1-11) The beneficial 

effects of goal-directed therapy on outcome have been investigated predominately in patients with a 

high-risk profile undergoing major procedures. (11, 12) In particular, goal-directed therapy is associated 

with a lower mortality rate only in high-risk patients, while the beneficial effects in moderate-risk groups 

have been restricted to reduced complication rates.(12) Moreover, Rollins and Lobo showed that the 

favourable effects of goal-directed therapy on outcome were only present in settings where patients 

were not managed within an enhanced recovery after surgery (ERAS) pathway.(11)

Although most of the effects of hemodynamic therapy on outcome have been studied in high-risk 

patients, evidence for patients with moderate surgical risk profiles is limited. This may be explained by 

the restricted use of invasive monitoring in moderate-risk surgery. With the availability of non-invasive 

hemodynamic monitoring devices, a closer evaluation of the effects of volume therapy in patients with 

a moderate surgical risk becomes possible; however, the available evidence is conflicting. In a pilot study, 

Joosten et al. proved the feasibility of non-invasive arterial blood pressure-guided fluid administration 

through a closed-loop system that included the assessment of stroke volume (SV), cardiac index (CI) 

and dynamic elastance.(13) In another study, volume therapy guided by pulse pressure variation (PPV) 

in patients undergoing total knee or hip replacement surgery was associated with fewer postoperative 

complications when compared with a control group.(14) In contrast, in patients undergoing major 

abdominal surgery, no benefits of mean arterial pressure (MAP) or CI-based hemodynamic guidance 

could be observed.(15)

It remains unclear whether targeting advanced indices like PPV and CI for hemodynamic optimisation 

would be of added value to MAP-guided volume therapy in patients undergoing moderate-risk 

abdominal surgery. In this pragmatic study, we hypothesised that the addition of these two indices 

to MAP-based volume therapy would reduce the incidence of postoperative complications in patients 

with a moderate surgical risk profile.

METHODS

The COGUIDE randomised, controlled clinical trial was conducted in four tertiary hospitals in the 

Netherlands between January 2012 and November 2013. Ethical approval was granted at each of the 

participating centres. All patients gave written informed consent. Patients were followed up for 30 days 

following surgery.
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Patients were eligible for study inclusion if elective moderate-risk abdominal surgery was planned and 

they were aged 18–85 years. Moderate-risk surgery was defined as patients categorised as grade-2 

risk according to the Modified Johns Hopkins Surgical Criteria (moderately to significantly invasive 

procedure, potential blood loss 500–1500 ml, or moderate risk to patient independent of anesthesia). 

We did not study patients with any of the following criteria: pre-existing cardiac arrhythmia; emergency 

procedure; pre-operative admission to the intensive care unit (ICU); BMI < 20 kg.m−2 or > 40 kg.m−2; 

evidence of cardiac decompensation; aortic valve disease; ejection fraction < 0.3; aortic valve stenosis 

with valve area < 1.2 cm2; pulmonary arterial pressure > 30 mmHg; and tricuspid annular plane systolic 

excursion < 18 mm.

The anesthetic technique was left to the discretion of the attending anesthetist. Ventilation variables 

were standardised as: ≥ 8 cmH2O positive end-expiratory pressure; ≥ 50% oxygen-air mixture; and tidal 

volume of ≥ 8 ml.kg−1 lean body mass (as required for pulse pressure variation measurements during 

mechanical ventilation). Ventilation frequencies were adjusted to maintain normocapnia. All patients 

had an arterial line inserted for continuous monitoring of MAP.

The ccNexfin device (Edwards Lifesciences, Amsterdam, the Netherlands), a non-invasive continuous 

arterial blood pressure monitor, was used for PPV and CI measurements in all patients, and monitoring 

was instituted before the induction of anesthesia. The Nexfin monitor derives a finger arterial blood 

pressure waveform by optical plethysmography using a blood pressure cuff according to the volume-

clamp method. Pulse pressure variation was defined as the relative variation between the highest 

(PPmax) and lowest (PPmin) pulse pressure divided by the mean of PPmax and PPmin. The Nexfin CO-

trek algorithm is used to calculate SV and CI based on the arterial blood pressure waveform. A built-in 

expert system for calibration (Physiocal, BMEYE BV, Amsterdam, The Netherlands) adjusts the cuff to 

determine a proper volume-clamp set point, while a heart reference system is used to compensate for 

hydrostatic differences between the heart and finger cuff level.

Patients were allocated to one of the two groups by sealed envelope in a 1:1 fashion, stratified per centre. 

In one group, the attending anesthetist was blinded to the PPV/CI values and maintained target MAP 

values > 70 mmHg (as measured by the Nexfin device) with intravenous fluids of any type, vasopressors 

and/or inotropes, based on their clinical judgement (control group). In the other group, the anesthetist 

was required to keep MAP > 70 mmHg, CI > 2.5 l min−1.m−2 and PPV < 12% using a predefined protocol 

(Figure 1) (CI-PPV group).
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Figure 1. Schematic representation of the hemodynamic protocol for patients in the control group and the CI-PPV 
group. MAP = mean arterial pressure; PPV = pulse pressure variation; CI = cardiac index.

Schematic representation of the hemodynamic protocol for patients undergoing moderate-risk 

abdominal surgery using mean arterial pressure-guided volume therapy (control group) and cardiac 

index and pulse pressure variation-guided volume therapy (CI-PPV group). MAP, mean arterial pressure; 

PPV, pulse pressure variation; CI, cardiac index.

The study endpoint was based on a reduction in the overall complication rate in the 30 days following 

surgery. Pre-defined complications were as follows: delirium; urine tract infection; wound infection; 

ileus; fascial dehiscence or anastomotic leakage; pneumonia; hypovolemia requiring fluid infusion; 

hypervolemia; oedema; re-operation; and prolonged mechanical ventilation (> 24 h). Postoperative 

complications were diagnosed by a combination of high clinical suspicion, radiograph or ultrasound 

evidence (pneumonia, hypervolemia, anastomotic leakage), or laboratory testing (wound infection, 

pneumonia, urinary tract infection), according to generally applicable guidelines and as reported 

by a physician in the patient’s medical file. Other outcome parameters included ICU admission rate, 
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length of ICU and hospital stay, re-admission to hospital and 30-day mortality. Moreover, the timing of 

postoperative defecation and mobilisation was recorded, and patients were asked by a standardised 

questionnaire and two investigator-initiated phone calls (at postoperative days 7 and 30) whether they 

had visited a general practitioner in the first 30 days following surgery for surgical procedure-related 

complaints. All reported complications were verified with the patient.

The sample size calculation was based on the incidence of postoperative complications between the 

two study groups. The literature reports broad incidence ranges for the occurrence of postoperative 

complications. For our sample size calculation, we used the overall complication rate of 42% in patients 

following abdominal surgery, as reported by Thompson et al.(16) To show a reduction in the overall 

complication rate to 20% (two-sided test with alpha 0.01 and power 90%), 125 patients per group were 

required, necessitating a total sample size of 250 patients.

We performed a per-protocol analysis of the data using SPSS 22.0 (IBM, New York, NY, USA). Levene’s test 

for equality of variances was used to evaluate data normality. Between group differences were analysed 

using a two-way Student’s t-test and Mann–Whitney test. A chi-square test was used to test differences 

in frequencies. A p value < 0.05 was considered statistically significant.

RESULTS

Hospital recruitment rates were as follows: 114 (Westfriesgasthuis Hoorn); 70 (Spaarne Gasthuis 

Hoofddorp); 40 (VU University Medical Centre Amsterdam) and 28 (Medical Centre Alkmaar). After 

exclusions, 94 patients in the control group and 81 patients in the CI-PPV group remained for final 

analysis (Figure 2). Baseline and surgical characteristics are shown in Table 1. Patients were well matched 

at baseline, with only a small difference in age between groups.
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Figure 2. CONSORT patient flow diagram. MAP = mean arterial pressure; PPV = pulse pressure variation; CI = cardiac 
index.
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Control group
(n=94)

CI-PPV group
(n=81)

Age (years) 65 (11) 61 (14)

Gender (males) 57 [61] 40 [49]

BMI (kg.m-2) 26.4 (3.8) 26.2 (4.0)

ASA classification 2 (2-2, [1-3]) 2 (1.5-2, [1-3])

Comorbidities

Diabetes mellitus 10 [10.6] 10 [12.3]

Hypertension 32 [34.0] 27 [33.3]

Myocardial infarction 5 [5.3] 3 [3.7]

Claudication 1 [1.1] 0 [0.0]

Atrial fibrillation 1 [1.1] 3 [3.7]

Peripheral oedema 2 [2.1] 1 [1.2]

Malignancies 60 [63.8] 47 [58.0]

Preoperative medication

Beta blocker 16 [17.0] 13 [16.0]

Calcium antagonist 4 [4.3] 6 [7.4]

ATII-blocker/ACE inhibitor 15 [16.0] 12 [14.8]

Diuretic 9 [9.6] 10 [12.3]

Oral anticoagulation 3 [3.2] 4 [4.9]

Surgery

Laparoscopic 72 [76.6] 61 [75.3]

Epidural analgesia 68 [72.3] 61 [75.3] 

Duration of surgery (min) 147 (61) 135 (67)

Surgical procedures

Bladder resection

Prostatectomy or hysterectomy

Small bowel resection

Colon resection

Hernia cicatricialis repair

Staging laparotomy

Cholecystectomy

Nephrectomy

Nissen fundoplication

2 [2.0]

11 [12.0]

1 [1.0]

64 [64.0]

3 [3.0]

2 [2.0]

2 [2.0]

7 [7.0]

2 [2.0]

4 [4.5]

10 [12.3]

8 [9.0]

53 [59.6]

1 [1.1]

0 [0.0]

1 [1.1]

3 [3.4]

1 [1.1]

Table 1. Patient demographics and surgical characteristics for control group vs CI-PPV group patients. Values are 
mean (SD), frequencies [percentage] or median (interquartile range [range]). PPV = pulse pressure variation; CI = 
cardiac index; BMI = body mass index; ASA = American Society of Anesthesiologists; COPD = chronic obstructive 
pulmonary disease; ATII = angiotensin II; ACE = angiotensin converting enzyme.
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There was no difference in the overall complication rate between control and CI-PPV groups (Table 

2). Three patients in the CI-PPV group, compared with none in the control group, required > 24 h of 

mechanical ventilation due to fascial dehiscence (n = 1), anastomotic leakage (n = 1) and respiratory 

insufficiency due to a combination of acute kidney injury, ileus and wound infection (n = 1). However, 

this difference between groups did not reach statistical significance (p = 0.06). A greater number of 

patients in the CI-PPV group required re-operation, but again this difference did not reach statistical 

significance (p = 0.08). Mortality was similar in both groups.

Control group
(n=94)

CI-PPV group
(n=81)

p-value

Intraoperative fluids without 
medication volume (ml)

1792 (929) 1899 (981) 0.46

Total crystalloid infusion (ml) 1196 (519) 1215 (730) 0.57

Total colloid infusion (ml) 556 (476) 642 (432) 0.22

Total fluid infusion rate (ml.kg-1.h-1) 10.2 (5.2) 12.2 (7.1) 0.04

PRBC transfusion (ml) 0 (0-0, [0-2100]) 0 (0-0, [0-750]) 0.12

FFP transfusion (ml) 0 (0-0, [0-1200]) 0 (0-0, [0-0]) 0.19

Loss of fluids (ml) 345 (200-800, [0-5800]) 300 (96-700, [0-3293]) 0.40

Blood loss (ml) 200 (5-500, [0-5750]) 100 (0-400, [0-2203]) 0.22

Urine production (ml) 143 (0-300, [0-800]) 100 (0-290, [0-1700]) 0.61

Patients requiring dobutamine 33 [35.1] 63 [77.8] 0.000

Dobutamine (mg) 0 (0-12, [0-147]) 20 (2-30, [0-161]) 0.000

Patients requiring noradrenaline 36 [38.3] 52 [64.2] 0.001

Noradrenaline (mg) 0.0 (0.0-0.4, [0.0-2.5]) 0.1 (0.0-0.3, [0.0-2.7]) 0.04

Table 2. Perioperative administration of fluids, fluid loss and the use of vasoactive or inotropic substances for control 
group vs CI-PPV group patients.
Values are mean (SD), frequencies [percentage] or median (interquartile range [range]). PPV = pulse pressure variation; 
CI = cardiac index; PRBC = packed red blood cells; FFP = fresh frozen plasma.

Intra-operative hemodynamic indices are shown in figure 3. While MAP was similar in both groups, mean 

(SD) PPV was higher in the control group compared with the CI-PPV group (11.9 (4.6)% vs. 9,5 (2.0)%, 

respectively; p = 0.003). Mean (SD) CI was also lower in the control group when compared with the CI-

PPV group (2.53 (0.66) l min−1.m−2 vs. 2.76 (0.61) l min−1.m−2, respectively; p = 0.004). Intra-operative 

fluid and allogeneic blood product administration is shown in Table 3. There were no differences in the 

total infused volume of crystalloids, colloids, packed red blood cells or fresh frozen plasma between 

groups. Fluid loss, blood loss and urine production were similar in both groups. Fewer patients in the 

control group received vasopressor or inotropic agents. There were no differences between groups for 

return of defecation or mobility (Figure 4).
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Figure 3. Average (+SD) mean arterial pressure (MAP; panel A), pulse pressure variation (PPV; panel B, * p = 0.003) 
and cardiac index (CI; panel C, * p = 0.004) for the control group (white bars) and CI-PPV group (black bars).
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Control group  
(n=94)

CI-PPV group
(n=81)

p-value

Any complication within 30 days 42 [44.7] 38 [46.9] 0.95

≥ 2 complications 21 [22.3] 14 [17.3] 0.71

Delirium 4 [4.3] 3 [3.8]

Urine tract infection 5 [5.3] 1 [2.5]

Wound infection 8 [8.5] 5 [6.2]

Ileus 12 [13.8] 18 [22.2]

Platzbauch/Anastomotic leakage 3 [3.2] 4 [64.9]

Gastric dysfunction 2 [2.1] 1 [1.2]

Pneumonia 6 [6.4] 6 [7.4]

Hypovolemia 10 [10.6] 6 [7.4]

Hypervolemia 3 [3.2] 2 [2.5]

Peripheral edema 5 [5.3] 2 [2.5]

Reoperation 7 [7.4] 13 [15.7]

>24 hours mechanical ventilation 0 [0.0] 3 [3.7]

ICU admission rate 14 [14.9] 13 [16.0]

LOS ICU (days) 0 (0-0, [0-4]) 0 (0-0, [0-12])

LOS hospital (days) 6 (4-9, [1-30]) 6 (4-11, [1-44])

Hospital readmission <30 days 8 [8.5] 7 [8.6]

30-day mortality
General practitioner <30 days

1 [1.1]
21 [22.3]

1 [1.2]
17 [21.0]

Table 3. Postoperative complications for control group vs CI-PPV group patients.
Values are mean (SD), frequencies [percentage] or median (interquartile range [range]).  No significant differences 
between groups. PPV = pulse pressure variation; CI = cardiac index; ICU = intensive care unit; LOS = length of stay.

Figure 4. Cumulative percentage of patients with returned defecation during the postoperative period (panel A) and 
the relative number of patients with return of mobility after 2 postoperative days (panel B) for control group patients 
(white bars) and  CI-PPV group patients (black bars).
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DISCUSSION

This pragmatic clinical study demonstrated that the addition of non-invasive CI and PPV monitoring 

to MAP-based goal-directed therapy did not reduce the incidence of postoperative complications in 

patients undergoing moderate-risk abdominal surgery.

There is ongoing debate regarding the benefits of goal-directed therapy in patients undergoing 

abdominal surgery. Several studies suggest an overall reduction in peri-operative morbidity and/or 

mortality in abdominal surgery when a goal-directed approach is used (1-11), although the precise 

effects remain unclear and conclusions are conflicting. Some studies report only slight improvements 

in secondary endpoints such as postoperative wound infections (5), hospital length of stay (17) or 

gastrointestinal recovery.(18) In addition, most benefits of goal-directed therapy were predominantly 

reported in high-risk populations undergoing abdominal surgery.(11, 12) In particular, the reduction in 

postoperative morbidity was most pronounced in patients with a high estimated risk for postoperative 

complications.(12) In contrast, Ramsingh et al. showed outcome improvement after goal-directed 

hemodynamic management during major abdominal surgery for patients with a low- to moderate-

risk profile.(18) Several other studies, however, were unable to demonstrate a similar benefit for this 

intervention.(15, 19-21) When reviewing our results in light of these previous studies, the absence of 

a reduction in complications in the CI-PPV group may be explained by the selection of moderate-risk 

surgical patients. Moreover, the maintenance of relatively high MAP levels may also have contributed to 

the lack of effect with CI-PPV-guided goal-directed therapy. Our MAP target was slightly higher than that 

seen in other studies that have used protocolised target MAP values of ≥ 60 mmHg7 or ≥ 65 mmHg.(6, 8, 

9, 15) Only Donati et al. chose a higher target, with a target MAP value > 80 mmHg.(3)

In general, fluid management outside goal-directed therapy interventions varies between individual 

healthcare providers.(22) It has been suggested that one of the reasons for the outcome improvement 

associated with goal-directed therapy might be the reduction in fluid load and individualised vasopressor 

and/or inotropic therapy that is seen when a pre-defined protocol is used. Although we found no 

differences in total fluid volume administered between groups, fluid infusion rates and vasopressor and 

inotropic therapy was higher in the CI-PPV group. In line with our findings, the majority of other studies 

have reported no differences in total fluid volume load when goal-directed therapy is compared with 

standard practice.(6-8, 19, 20, 23-25) Of note, the fluid load reported in the present study is at the lower 

end of the spectrum of that reported previously. Other studies have demonstrated improved outcomes, 

despite giving much larger volumes of peri-operative fluids. The optimal amount of intravenous fluid 

that should be administered using goal-directed hemodynamic guidance remains to be defined.

Although the studies of Donati et al. and Pestana et al. demonstrated an increased use of dobutamine 

with goal-directed therapy (3, 15), others have reported no differences in vasopressor (6-8, 19, 23, 

25) or inotropic therapy.(7, 19, 23, 25) The CI-PPV group in our study received more dobutamine and 
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noradrenaline than the control group, while phenylephrine was widely used in the control group, as this 

is standard practice in the participating hospitals. Since phenylephrine was widely used in the control 

group, a clear-cut comparison in amount of vasopressors between groups is difficult to make. The use 

of dobutamine leading to β-adrenergic-mediated vasodilation theoretically explains the higher use of 

vasopressors in the CI-PPV group.

The majority of studies regarding postoperative complications requiring ICU admission reported no 

differences among groups (2, 3, 7, 8, 15, 19, 23, 25) or favoured the use of goal-directed therapy.(9, 10) 

Challand et al. reported a higher proportion of patients who received goal-directed therapy that had to 

be admitted to ICU in the postoperative period, but their study lacked an explanation for this remarkable 

finding.(20) In our study, four patients underwent mechanical ventilation for > 24 h postoperatively. 

However, the most likely explanation for our finding is the relatively small sample size in our study.

This study was characterised by its pragmatic approach and adherence to clinical variability, which 

additionally implies that the study has specific limitations. First, there were a small number of patients 

showing CI levels that were slightly lower than the study target. Second, the attending anesthetist 

recorded postoperative complications, which may have influenced data recording. Third, for some of the 

recorded ‘soft’ complications, such as hypo- or hypervolemia, there are no clear definitions or diagnostic 

tools available, which limit the objectivity of this assessment. In our study, CI and PPV monitoring was 

limited to the intra-operative period; however, postoperative factors may also determine complication 

rate. Because the benefits of a chain of care are only as strong as the weakest link, the effects of 

postoperative management strategies may have influenced the incidence of complications. Our data 

do not allow conclusions about the role of CI and PPV monitoring in the postoperative period. Fourth, 

the variable use and extent of, enhanced recovery programs is a drawback seen when recruiting from 

different centres. Dedication to an enhanced recovery program was not an inclusion criterion. Finally, 

in retrospect, the power analysis based on the expected complication reduction was probably overly 

optimistic, possibly leading to lower recruitment of participants than was necessary. In addition, due to 

dropouts, the original recruitment targets were not reached in this study. Both these factors may mean 

that the study was underpowered for the primary outcome measure.

Pulse pressure variation and CI were measured with the Nexfin monitor, which is validated in different 

peri-operative populations, but can be less accurate, especially under circumstances when it matters the 

most (i.e. low cardiac output states).(26) The Nexfin failure rate in our study was 6%, which contributed 

to the decision to perform per-protocol instead of intention-to-treat analyses. Moreover, we used pre-

defined target values of hemodynamic indices, and it might be questioned whether these target values 

can be applied to all patients for moderate-risk abdominal surgery or whether different values should 

have been applied for laparoscopic and open surgical procedures. Although PPV is considered to be 

unaffected by pneumoperitoneum in rabbits (27), SVV may be affected by increasing intra-abdominal 

pressure in a laparoscopic cholecystectomy setting.(28) Renner et al. assessed in a porcine model if 
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PPV and SVV were able to predict fluid responsiveness during pneumoperitoneum, and found PPV to 

be preserved in detecting fluid responsiveness, although with an increased cut-off value to over 20%.

(29) Hoiseth et al. showed that both SVV and PPV are influenced by pneumoperitoneum.(30) Because 

PPV seems more accurate than SVV under different intra-abdominal pressures.(31), we targeted therapy 

during pneumoperitoneum based on PPV values.

In a previous study, we showed that the addition of PPV/CI-guided volume therapy to a MAP-based 

hemodynamic protocol had no benefit on tissue perfusion at a microcirculatory level.(32) From this 

COGUIDE study, we found no evidence of a reduction in the overall postoperative complication rate 

when PPV and CI were added as hemodynamic indices to a fixed MAP-guided volume strategy in a 

moderate-risk abdominal surgical population. This conclusion is in line with the recent review and 

meta-analysis of Voldby et al., stating that only a selection of the surgical population will benefit from a 

goal-directed approach, in particular, those patients with a high risk profile.(33) For non–high-risk profile 

patients undergoing uncomplicated surgical procedures, it would probably be sufficient to achieve an 

intra-operative zero fluid balance.(34) Our findings emphasise that one protocol may not fit all, and 

more emphasis on physiological, rather than protocol-based hemodynamic monitoring and treatment 

strategies, is warranted.
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GENERAL CONCLUSION

This thesis focused on the perioperative practices for elective medium-to-high-risk abdominal surgery 

and the variation within them. Although mortality rates have decreased over the years, complication 

rates remain high and are a significant burden for patients and society, both in the short and long term. 

To mitigate these unfavorable outcomes, preoperative risk assessments, intraoperative optimization 

strategies and postoperative complication assessments are commonly implemented. Intraoperative 

optimization specifically aims to improve the patient’s perioperative hemodynamic condition using 

fluids, vasopressors and inotropes. Hemodynamic guidance can be performed by a gold standard 

device, although less invasive devices with mandatory adequate accuracy and precision have become 

more relevant for clinical applicability. Despite these interventions, frailty remains a factor responsible 

for the significant burden of postoperative complications, particularly when these complications 

remain unidentified and result in a higher mortality rate; a situation called failure-to-rescue. This thesis 

highlighted the role of standardization and hemodynamic optimization using goal-directed therapy 

(GDT) for the detection and treatment of hemodynamic disturbances.

Is practice variation indeed the rusty link in the chain of anesthetic quality? 
This thesis shows extensive variation in the Netherlands in perioperative hemodynamic management 

in patients undergoing medium-to-high-risk abdominal surgery. In our study we found a threefold 

difference in the volume of fluid per hour, extensive differences in fluid balances and extensive differences 

for occurrence of severe hypotensive episodes for the same procedure among centres. Moreover, we 

found a large variation in hospital lengths of stay. Despite these findings, no clear association with 

patient outcome was demonstrated, albeit that our study was underpowered to prove this association. 

This highlights the necessity of a debate on whether standardization in perioperative anesthetic 

processes affects patient outcomes. From our data, also due to lack of power, we cannot conclude 

whether standardization has any clear added value in our study population. Above all, standardization 

is only one link of the complex chain of quality improving interventions. However, the reported data 

and results should be an important trigger for reflection of our anesthetic practices in the Netherlands 

for our specific population. One important factor for nuanced considerations regarding outcome is a 

uniform and meticulous complication registration.

Beyond the Frank-Starling curve: the complexities of hemodynamic optimization 
and the role of GDT
We assessed fluid responsiveness and dynamic indices like pulse pressure variation (PPV) and stroke 

volume variation (SVV) by inducing a mild provoked fluid shift in mechanically ventilated patients. We 

found that PPV and SVV had additional clinical value over mean arterial pressure and cardiac index in 

predicting fluid responsiveness. The study also showed supposed superiority of SVV over PPV, especially 

in patients with a dynamic arterial elastance (PPV/SVV ratio) of <0.89. However, our data showed 

low levels of agreement between PPV and SVV. In addition to fluid responsiveness assessment in a 
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mechanically ventilated population, we also investigated which hemodynamic parameter derived 

from Nexfin non-invasive arterial blood pressure measurements could detect a controlled volume loss 

in a spontaneously breathing population. Our findings revealed that during supine steady state with 

controlled breathing and during Valsalva maneuvers in a supine position with a 20° angle of tilt, the 

cardiac index and systemic vascular resistance index best demonstrated this controlled volume loss, 

while the mean arterial pressure was the least sensitive. 

Many GDT strategies aiming at optimizing hemodynamics are, at least partly, based on PPV of 

SVV. Hemodynamic optimizing strategies aim to optimize preload in order to maximize cardiac 

output, according to the Frank-Starling curve. Although these strategies can result in an optimized 

macrocirculatory perfusion, a resulting optimized microcirculatory perfusion is not so obvious. In this 

thesis we suggest that absence of microcirculatory optimization after macrocirculatory optimization is 

due to a non-fixed relationship. Fluid loading as part of hemodynamic optimization may compromise 

the microvascular wall, which includes the glycocalyx. In our study presumed optimizing strategies 

using colloid fluids in healthy volunteers had no effects on microvascular perfusion. Therefore, all fluid 

interventions for hemodynamic optimization should be used with caution and only with clear indications. 

Moreover, the guiding dynamic indices can easily be influenced by various external confounders, so care 

must be taken in their interpretation. Despite this, goal-directed therapy is recommended for reducing 

morbidity in all abdominal surgery patients. A mortality reduction is however mostly found in studies 

including high risk abdominal surgical patients. 

In this thesis we showed that in a medium risk abdominal surgery population, GDT did not result in 

complication reduction. However, the power analysis based on the expected complication reduction 

was probably too optimistic, resulting in underpower. It must therefore be emphasized that the effects 

of goal-directed therapy require a careful evaluation based on definitions, indications and cut-off points. 

Ideally, hemodynamic monitoring should include glycocalyx integrity, but this is not yet standard 

practice in most clinical settings. At least, MAP alone is not the parameter to rely on. Not for detecting 

fluid losses, nor as a sole guiding parameter for hemodynamic optimization.

No glycocalyx restoration after colloid fluid resuscitation
Hemodynamic optimization is indicated in case of a need for increased blood flow combined with 

deduced fluid responsiveness. Fluid infusion contributes to organ perfusion when they increase the 

stressed vascular volume. The resulting hemodilution however, might have negative effects on the 

microcirculatory function too. The glycocalyx, as deduced by perfused boundary region (PBR), the 

microvascular blood cell-free layer, is a key term in describing microcirculation. We investigated effects 

of fluids (crystalloids and colloids) on the PBR and microvascular perfusion in healthy volunteers. In our 

study crystalloid infusion resulted in increased PBR measurements, however was unaffected following 

colloid infusion. So, restoration of glycocalyx by fluid infusion cannot be demonstrated in this study. 

Uncoupling of macrocirculation and microcirculation is one explanatory hypothesis. We investigated 
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a forced optimization of macrocirculatory parameters guided by cardiac index and pulse pressure 

variation next to mean arterial pressure. Microcirculation was observed using sidestream dark field 

(SDF) imaging with assessing vessels < 20 μm for total vessel density (TVD), perfused vessel density 

(PVD), proportion of perfused vessels (PPV) and microvasculatory flow index (MFI). Despite presumed 

optimized cardiac index values with similar mean arterial pressures, at the expense of more fluids, 

microcirculatory parameters were unaffected. These findings support the above stated hypothesis of 

a non-fixed relationship between systemic hemodynamics and microcirculation. When translating this 

optimizing goal-directed therapy strategy into a clinical setting with medium risk abdominal surgery 

patients, we observed the complication incidence. Despite optimized circulatory parameters, no 

complication reduction could be demonstrated in this population. These findings support the adagium 

that goal-directed therapy may have increasing benefits for increased perioperative risks. For medium 

risk surgical settings, the fluid balance should be slight positive.

DISCUSSION

I: Extensive hemodynamic and anesthetic variation in patients undergoing abdominal 
surgery among Dutch hospitals: is reduction in variation the only key to success?
In 2010, over 1.4 million surgical procedures were performed in the Netherlands.(1) Despite low 

mortality rates, the number of postoperative complications for abdominal surgery patients was still 

high, with 1 in 3 patients suffering from some kind of complication.(2-4) Patient-related factors, surgery-

related factors and also anesthesia-related factors contribute to perioperative and postoperative patient 

outcome.(5-8) Anesthesia practices vary among institutions regarding use and timing of goal-directed 

therapy, facilitated type of surgery and local hemodynamic optimizing strategies including compliance 

to applicable protocols. (9, 10) Standardization in healthcare practices can be a surrogate parameter of 

quality, as it reduces variability. However, the precise effects of standardization in healthcare are not well 

established, unlike in other industries.(11) In chapter 2 we evaluated existing variability in anesthesia 

practices in medium-to-high-risk elective abdominal surgery in different anesthesia departments and 

their relation to patient outcome. We concluded that differences in fluid volumes per hour and resulting 

fluid balances were clinically significant without a preoperative differing risk classification. Also, the 

extent of hypotension episodes differed among centres. However, no measurable association with 

patient outcome could be demonstrated. These findings are interesting. since earlier studies regarding 

liberal and restrictive fluid management showed differences in complication rates.(12) Patients with 

suboptimal regulated hypertension before surgery showed lower complication rates than patients with 

well-regulated blood pressure values. The striking differences in the number of reported complications 

per center for the same type of surgery raise questions too. 
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As we delved deeper into our real-life clinical study, it became apparent that a critical appraisal of 

reported outcomes was required to translate them into the derived clinical consequences. At first, overall 

complication rates for the total population and the subgroups resemble those for studies with similar 

populations. This suggested that differences in overall perioperative patient characteristics were subtle, 

at most.(13)  None of the described hospital lengths of stay for our surgical subtypes time-dependent 

factor, also due to fast-track programs.(14-20) Variability in anesthetic practices is however not unique, 

with suggested effects on surgical outcome.(21) In our study we found no measurable effects on most 

outcome parameters, despite pronounced variation in anesthetic practices. Possibly this is due to its 

retrospective nature, power issues or the anesthetic variations are only of minor importance for the total 

amount of perioperative threats to the patient.  

Is standardization indeed a parameter of quality in a healthcare setting? Since standardization measures 

are often part of a bundle of interventions to reduce variability in clinical practice, the precise effects of 

standardization are not well established. Despite our efforts to standardize hemodynamic treatment 

based on hemodynamic indices (GDT), we could not demonstrate any prevention of clinically relevant 

complications. In our data, applying GDT resulted in more fluid administration. Therefore, it seemed 

that increased fluid loading in this population may have been the underlying explanation, but without 

related complications. It is crucial to monitor the quality of perioperative care, but thus far no gold 

standard set of perioperative quality indicators can be defined to form an evidence-based anesthetic 

framework.(22) Especially translating existing data into quality indicators is difficult, for example due to a 

large variation in guideline adherence, creating confounding.(23, 24) The latest ESC guidelines regarding 

preoperative assessment and management of patients for non-cardiac surgery lack recommendations 

for standardization using a goal-directed regimen.(25) In the Netherlands, the “Federatie Medisch 

Specialisten” cannot recommend routine use of perioperative goal directed therapy for high-risk patients 

due to a lack of a guidelines. However, they do advise evaluating the effects in a local setting, based 

mainly on one systematic review.(9)

Standardization alone as an indicator of quality may be too short sighted. It is more likely that distilled 

best practices are part of a complex process of interventions.(26) At least, goal directed hemodynamic 

management as part of standardization demonstrated complication reduction,(3, 9) while some studies 

even showed mortality reduction.(3, 9) However, in our study we could not demonstrate a reduction 

in complications, and observed that goal-directed therapy led to an increased hospital length of stay, 

although our study was not powered to draw conclusion on this . The higher fluid loading in the GDT 

group may seem to be the obvious reason, however despite findings of others(27), in our study we could 

not objectify any  association between the volume of fluids administered and complication rates. Pre- 

and postoperative fluids were not assessed in our study though, and could be an important confounder, 

as well as surgical results for individual surgeons. Moreover, due to a describing character of our study 

without power analyses, causal relationships regarding patient outcome must be interpreted with 

caution.
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This thesis uncovered extensive variation regarding anesthetic management for major abdominal 

surgery, indicating for the need for improvement in the complex process of standardization. Extremely 

differing reporting of complication rates is an important secondary finding promoting transparent 

prospective assessment of variation in clinical practices. Extensive variation in hemodynamic practices is 

not limited to the Dutch setting and is supposed to be related to “couleur locale”, despite standardizing 

measures.(27)

Our study also demonstrated variability in the number of hypotensive episodes, however without 

associated differences in outcome. This finding is presumably due to underpower. The association on 

itself namely, as well as crescendo effects of more pronounced hypotension on morbidity and mortality 

can be considered proven.(28) When extrapolating this conclusion to patients with suboptimal 

regulated hypertension, our observation of lower complication rates for patients with suboptimal 

regulated hypertension is remarkable. Maintaining systolic blood pressure values at least within 25% of 

baseline is a practical recommendation, although others advise even tighter ranges (within 10% of the 

patient’s resting blood pressure).(29, 30) Physiologically, due to a presumed right shift of the blood flow 

autoregulation curve for vital organs, hypoperfusion is expected to occur sooner in case of maintaining 

a normally well accepted intraoperative blood pressure cut-off point.(31) Forced higher intraoperative 

blood pressure values may however not result in decreased complication rates, despite reduction in 

cumulative hypotensive time.(32) Although it is premature to conclude based on our study, untreated 

hypertension, for example due to vascular stiffening, may lead to smaller amounts of fluids administered, 

since higher intraoperative blood pressures may reasonably be measured under specified conditions.

The extensive differences in reported complications per center deserve a closer look. Regarding 

factors determining reporting of complications, obvious is that complications in general do not 

significantly differ over years.(33) Complications in general do not significantly differ over the years, 

and technical difficulties for tracking complications, self-reporting requirements, and tracking as part 

of the international classification of diagnoses (ICD-10) are barriers to the ability to retrieve and report 

complications.(34) Creating awareness of the importance for complication reporting is considered 

essential for quality improvement.(34, 35)

Low barriers for reporting complications are mandatory for assessing and improving quality of care.

Clinically differentiating fluid responsiveness from pressure responsiveness: Eadyn a 
novel key parameter?
Chapter 3 and 4 assessed the efficacy of the Nexfin non-invasive hemodynamic monitor during 

a (provoked) fluid shift and controlled volume loss in respectively mechanically ventilated and 

spontaneously breathing patients. In chapter 3, fluid responsiveness was determined in mechanically 

ventilated patients by a provoked fluid shift, which was adequately reflected by the Nexfin PPV and 

SVV. However, SVV tended to predict fluid responsiveness better than PPV. Chapter 4 assessed the 
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reflection of a controlled volume loss by the Nexfin device in a spontaneously breathing population 

and concluded that cardiac index and systemic vascular resistance index (SVRI) were more effective in 

reflecting volume loss than PPV and mean arterial pressure.. 

Chapter 3 focusses on fluid responsiveness, whereas in chapter 4 focusses more on non-invasive 

detection of fluid losses. Moreover, in chapter 3 patients were mechanically ventilated, whereas 

in chapter 4 patients were spontaneously breathing, albeit during controlled breathing and during 

Valsalva maneuvers.

Fluid responsiveness determination is the key principle in preventing inappropriate fluid loading 

in patients hemodynamically unresponsive.(36, 37) Respiratory artifacts and low tidal volumes can 

interfere with adequately reflecting fluid responsiveness by PPV and SVV; cardiac index and SVRI are 

theoretically assumed not to be influenced by respiration patterns. To overcome respiratory influences 

on PPV, we used controlled breathing and Valsalva maneuvers. In case of difficulties in predicting 

fluid responsiveness, so called heart-lung-interaction tests, like the Valsalva maneuver or temporarily 

increasing the tidal volume in mechanically ventilated patients from 6 to 8 ml/kg (tidal volume challenge) 

increase the predictive value of PPV and SVV.(38-40) For spontaneously breathing patients the passive 

leg raise test is an alternative for fluids responsiveness determination.(41)

For the intraoperative setting the PPV/SVV ratio, also called dynamic arterial elastance (Eadyn), needs 

further discussion. In our study the Eadyn differed between younger and older patients and we concluded 

that our chosen Eadyn threshold for blood pressure reaction after fluid loading was unreliable in our 

population which consisted of healthy patients. This conclusion fits the theory of Pinsky that Eadyn is 

less useful in normotensive patients, since baroreceptor reflexes in normotensive patients will make 

Eadyn vary inversely with flow, resulting in unchanged blood pressure values.(42, 43) More specific, fluid 

responsive patients will gain cardiac output after fluid loading. In case of vasoplegia, fluid loading can 

still result in an increased cardiac output (fluid responsive), but is probably pressure unresponsive.(42) 

An Eadyn < 1.0 will clinically translate into a situation where fluid responsive patients will turn out to be 

pressure unresponsive and therefor probably need vasopressors.(44-47) In chapter 4, consisting of a 

healthy population undergoing a controlled fluid loss, we showed an unaltered MAP and a decreased CI 

with increasing SVRI and PPV, in line with above stated theories regarding dynamic arterial elastance in 

light of fluid- and pressure responsiveness. We however did not study influences of vasopressors.

Goal directed hemodynamic approaches should be based on a perioperative risk 
estimate
The benefits of goal-directed hemodynamic therapy in patients for abdominal surgery are up for debate 

over the past years. Exaggeratedly, “non-believers” criticize devices and their parameters for being easily 

confounded, unreliable, expensive and sometimes confusing. “Believers”, on the other hand, merely 

ascribe benefits to GDT, independently from surgical or patient risk profile. In chapter 7 we found no 
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evidence for complication reduction in patients undergoing medium risk abdominal surgery when PPV 

and CI were added to the standard MAP-guided volume strategy. CI and PPV indeed were higher and 

lower, respectively, all “at the expense of” more inotropes and vasopressors in the CI and PPV guided 

group. At least in our study higher amounts of fluid cannot be held responsible for the absence of 

measurable differences.

In general, systematic reviews have concluded from a multitude of heterogeneous studies that goal-

directed hemodynamic therapy can reduce hospital length of stay and incidences of postoperative 

complications. Since most postoperative mortality occurs in a small group of high risk patients, it is 

essential to identify this group and take precautions by using GDHT, also on behalf of cost effectiveness.

(48-50) In general, effects on mortality incidence and organ-specific complication incidences are 

predominantly in favor of a goal directed hemodynamic therapy, but with low certainty in evidence.

(51) The added value of GDHT significantly increases with increasing surgical risk, particularly for hospital 

length of stay, not convincingly for mortality.(51) In a recent expert’s opinion the advice is to implement 

CO/SV monitoring devices with low or non-invasiveness for moderate to high risk patients (agreement 

83 %).(50) Although extensive heterogeneity exists in studies, adapting to the adagium to preserve GDT 

for patients undergoing high risk surgery seems feasible.(52) Since postoperative mortality is much 

higher than intraoperative mortality, a next step is to monitor continuously in the postoperative period.

(53) Our non-invasive device however may be unreliable in this setting, as we found an technical failure 

rate of 6 % in the intraoperative setting, which must be interpreted in light of the pragmatic study 

design.

So, in a nutshell, as described by Saugel, the success of GDHT depends on selecting the right target 

population, with the right type and timing of the intervention for the right target variable and values.

(49) For the Dutch setting, as described by the “Federatie Medisch Specialisten”, local evaluation of costs 

and benefits must be leading for implementation of a goal directed hemodynamic therapy. For patients 

needing abdominal surgery, that are considered not eligible for a GDHT, based on the costs vs benefits 

evaluation, a zero-balance fluid approach may be considered (intraoperative compensating for blood 

and fluid losses and postoperative based on body weight).(54)

Regarding our MAP cut-off point of 70 mmHg, this is a non-individualized cut-off point and would 

nowadays be replaced by an individualized cut-off point. The OPTIMISE II trial is expected to provide 

more insights into the added value of GDHT for abdominal surgery.(55)

Optimized macrocirculatory parameters not automatically result in an improved 
microcirculatory perfusion
We did not observe a reduction in complications in a medium-risk abdominal surgical population by 

forcing macrocirculatory optimization, as described in chapter 7. We had previously hypothesized that 

forcing macrocirculatory optimization would result in measurable improvements in microcirculatory 
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parameters, as described in chapter 6. However, the improved macrocirculatory hemodynamics did 

not translate into improved microcirculatory hemodynamics as measured by sublingual sidestream 

darkfield fluorescence (SDF), which represents total vessel density (TVD), proportion of perfused vessels 

(PPV) and microvascular flow index (MFI).

Earlier studies suggest hypotension (MAP<60 mmHg) to result in microvasculatory derangement, 

while in our study MAP values were kept > 70 mmHg.(56) In chapter 5 we assessed the impact of  2 

types of fluids (crystalloids and colloids) on the glycocalyx, hypothesizing that colloids would restore 

the glycocalyx, as represented by the perfused boundary region (PBR). Crystalloids infusion resulted 

in an increase in PBR, but was not altered by colloids. Next, we hypothesized that PBR changes are 

related to red blood cell filling and perfused vessel density of the microvasculature, however, none of 

the fluids resulted in altered PVD, suggesting no influence on the microcirculation. Earlier, measurement 

of sublingual microcirculation was considered sensitive enough for detection of tissue perfusion.(57, 58) 

Sensitivity for diffusion (represented by PVD) was higher than convection (represented by MFI).(57) We 

measured the microcirculation using sublingual sidestream darkfield fluorescence, which is categorized 

as a handheld vital microscopy technique. Limitations for clinical practice are that it only reflects the 

microcirculation in a limited area and is not suitable for endothelial function assessment.(59) Glycocalyx 

measurements can be performed using a special camera with software focused on assessment of the 

PBR.(59) The software aimed at inter- and intra-observer reproducibility.(60, 61) However, until now no 

clear described targets, nor an appropriate intervention, is defined, impeding extensive clinical use.(62) 

Our findings support the suggestion that the microcirculation is uncoupled from the macrocirculation 

under normal and moderately altered physiological conditions. 

Methodological considerations:
We used the Nexfin non-invasive continuous arterial blood pressure measuring device to assess blood 

pressure and derived hemodynamic indices. In 1870 dr. Fick was the first to determine cardiac output by 

the difference in oxygen in arterial versus venous blood.(63) This technique was followed by the indicator 

dilution technique using an indicator fluid (like hypertonic saline and later indocyanine green) resulting 

in a concept of cardiac output being represented by the inverse of the AUC.(63) This method evolved 

into the thermodilution pulmonary artery catheter, best known in its Swan Ganz catheter form with an 

inflatable balloon at the tip.(64) But due to its invasiveness and resulting complications, less invasive 

methods were developed.(65-68) The Nexfin is one of the many resulting calibrating or non-calibrating 

devices for non- or minimal invasive pulse contour cardiac output measurement, first described in 2007. 

Nexfin uses the volume clamp method and was assessed for concordance with the pulmonary artery 

catheter showing acceptable concordance in several subgroups, however has its limitations, especially 

in a critically ill setting.(69-74)  
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In chapter 5 and 6 we used respectively the Capiscope and Microscan, both hand-held microscopes 

with sidestream dark-field (SDF) technique device, for microcirculatory measurements. In this technique 

6 LED’s illuminate underlying (sublingual) tissue with green light (540 nm) showing arterioles, venules 

and capillaries.(75) The sublingual technique is considered the most direct method for assessing 

hemodynamic coherence, a term defining the adapting processes for cellular balance of oxygen supply 

and demand.(76-78) Microcirculatory histology and physiology is specific for distinct organs. Parameters 

for microcirculatory monitoring are mainly based on sublingual measurements and may not be 

translated automatically into the microcirculation of other organs.(79) Next, assessment of resuscitation 

is difficult due to lack of uniform, optimal target endpoints as well as unpredictable effects of presumed 

optimizing interventions.(62) 

In our COGUIDE study we found high failure rates of 6 % for the Nexfin device, based on which we 

chose to perform a per-protocol analysis instead of a intention-to-treat analysis. However, in general, it 

is advised to perform an intention-to-treat analysis to prevent for example randomization violation, bias 

and reduction in power.(80, 81) Reduction in power indeed is of interest for our study. In the absence 

of significant differences in our COGUIDE intervention group, the presumed exaggerated effect of a 

per-protocol analysis is not applicable.(80) Nevertheless, considerations concerning intention-to-treat 

or per-protocol analysis can have important effects in outcome.

In chapter 3 for evaluation of sensitivity and specificity for PPV and SVV the receiver operating 

characteristic (ROC) curve is used. In this curve the sensitivity is plotted against 1-specificity.(82) The 

ROC curve, and more specific the area under the curve (AUC), is a generalized parameter of the added 

value of a device or test; 0.5 is (dis)qualifying a test for having no diagnostic value, 1.0 is qualifying a test 

for having excellent diagnostic value.(82)

Additionally, for detecting differences in outcome for complications with a low incidence anyway, in 

a population of healthy volunteers the study population must be even higher to detect differences in 

complication rates.

Future directions
Our findings show existence of an extensive variation in anesthesia practices in elective medium-to-

high risk abdominal surgery, although without demonstrable consequences for patient outcome. It is 

therefore questionable whether extending standardization alone is the key to better patient outcome. 

Quality improvement can only be achieved with transparency in anesthesia practices and with existing 

awareness of the importance for complication reporting and low barriers in the process of retrieving and 

reporting of complications, or in short: just culture. 

Use of relatively expensive devices for goal-directed hemodynamic therapy in abdominal surgery should 

be reserved for patients with high perioperative risks. With the introduction of new devices, aimed at 

timely non-invasive signaling for complications in the vulnerable postoperative period, a whole new era 



158

CHAPTER 8

is dawning aimed at postoperative complication reduction. Indicators for fluid responsiveness as well as 

for cardiac output will play a key role in early recognition of hypovolemia. Future studies will investigate 

the exact role of devices assessing microcirculation and whether these can be implemented for bedside 

assessment and as target for optimization. 

The soon-to-be results of the OPTIMISE II study will be guiding in the exact added value of goal directed 

hemodynamic therapy for abdominal surgery and will point out the next steps to improvement.

An introduction to the field of perioperative hemodynamic management in abdominal surgery was 

provided in chapter 1.

In chapter 2 we assessed the variability in anesthesia practices in elective medium-to-high risk 

abdominal surgery and their effects on patient outcome.

In chapter 3 the applicability of dynamic indices like pulse pressure variation (PPV, derived parameter) 

and stroke volume variation (SVV, calculated parameter based on algorithm requiring patient 

demographics) in predicting fluid responsiveness with the Nexfin non-invasive arterial blood pressure 

monitor.

Chapter 4 describes which specific hemodynamic parameter described a controlled volume loss best 

in a spontaneously breathing population.

Chapter 5 describes the effects of fluid loading on the glycocalyx integrity in healthy volunteers.

In chapter 6 we investigate the effects of forced systemic hemodynamic optimization on microcirculatory 

perfusion in a population of elective abdominal surgery.

Chapter 7 investigates the effects of integration of a goal-directed therapy in a clinical setting on the 

incidence of postoperative complications.

In chapter 8, the general conclusions of this thesis are presented and discussed.
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Over the past decades, perioperative fluid management for abdominal surgery has evolved from a 

liberal approach with ample intravenous fluid administration to a restrictive approach with very limited 

fluid administration to a patient-oriented, goal-directed approach. Each of these approaches with their 

own consequences for patients.

In this thesis we aimed to assess variations in perioperative interventions for elective medium-to-high 

risk abdominal surgery. In addition, we aimed to gain more insight into the added value of dynamic 

hemodynamic indices in detecting fluid loss on the one hand, and predicting fluid responsiveness on 

the other. Finally, we evaluated effects of an intraoperative goal-directed hemodynamic therapy for 

effects on microcirculation and patient outcome in elective moderate risk abdominal surgery. 

Chapter 1 provides an introduction into hemodynamic monitoring and optimization strategies for the 

perioperative management of patients undergoing abdominal surgery. First, the consequences from 

the variation in hemodynamic anesthesia practices are described. Next, hemodynamic devices and the 

resulting parameters are described including their role in predicting fluid responsiveness and pitfalls in 

interpretation of displayed indices. In addition, we explain the effects of hemodynamic goal-directed 

therapy and fluid management on microcirculatory perfusion. Ultimately, the relevance of goal-directed 

therapy for the clinical perioperative setting is outlined.

In industrial sectors, benchmarking is considered essential in quality control, aiming to unmask aberrant 

manufacturing processes. In chapter 2 we evaluate the variability in perioperative anesthesia practices 

and their effects on patient outcome. In this study, we assessed perioperative variation in elective 

medium-to-high risk abdominal surgery among eight centres in the Netherlands, including Whipple 

surgery, bowel surgery and liver surgery. We found extensive anesthetic and hemodynamic variation, 

but could not demonstrate a clear association of this variation with patient outcome. Goal-directed 

hemodynamic management was associated with increased volumes of fluid administration and a 

prolonged length of hospital stay, however without further relation to patient outcome.  The extent 

to which standardization in anesthesia practice truly contributes to patient outcome, needs further 

clarification. Transparency in anesthesia practice and related patient outcome is however essential to 

draw valid conclusions on this complex topic.

The additional value of dynamic indices like pulse pressure variation (PPV, derived parameter) and stroke 

volume variation (SVV, calculated parameter based on algorithm requiring patient demographics) in 

predicting fluid responsiveness with Nexfin non-invasive arterial blood pressure monitor was assessed in 

chapter 3. A mild provoked fluid shift induced by Trendelenburg positioning in mechanically ventilated 

patients resulted in alterations in PPV and SVV, however, without changes in mean arterial pressure 

(MAP) or cardiac index (CI). When assessing levels of agreement between PPV and SVV we found wide 
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limits. When assessing bias we found age-dependent differences, with a higher PPV/SVV ratio (Eadyn, 

dynamic arterial elastance) for older patients (age ≥55 years) compared to younger patients (age <55 

years). 

For the prediction of fluid responsiveness (increase in stroke volume (SV) >10%) baseline SVV tended 

to be superior compared to PPV (ROC AUC 0.728 vs 0.636), and more pronounced in a subgroup with 

Eadyn<0.89. We additionally evaluated whether Eadyn (PPV/SVV ratio) indeed discriminates between blood 

pressure unresponsiveness to fluids (ratio <0.89) or responsiveness to fluids (ratio ≥0.89), but could not 

demonstrate any difference: MAP and CI increased in respectively 52.9 and 29.4 % of patients with 

Eadyn<0.89 versus respectively 40.5 and 40.5 % of patients with Eadyn ≥0.89.

These findings suggest that the dynamic indices PPV and SVV have additional clinical value over MAP 

and CI in reflecting fluid shifts in patients under general anesthesia, with seemingly superiority of SVV 

over PPV in predicting fluid responsiveness, especially in a subgroup with Eadyn<0.89. Levels of agreement 

between PPV and SVV however are low.

In chapter 4 we investigated which hemodynamic parameter, as measured by the Nexfin non-invasive 

arterial blood pressure monitor, is able to indicate a controlled volume loss in a spontaneously breathing 

ambulatory population. Detection of fluid shifts with dynamic indices is mostly assessed in perioperative 

settings with controlled mechanical ventilation. We studied the effect of whole blood donation (500 ml) 

on hemodynamic parameters (MAP, CI, systemic vascular resistance index (SVRI) and  PPV) in a healthy, 

spontaneously breathing population of volunteers. Hemodynamic parameters were assessed during 

supine steady state, controlled breathing (10 min-1) and two Valsalva maneuvers in supine position with 

a 20° angle of tilt. Controlled volume loss was reflected at best by a reduction in cardiac index and 

increase in SVRI. MAP was the least sensitive parameter for detecting fluid loss.

These results are promising in the non-invasive detection of fluid loss in the direct postoperative period. 

However, further research should focus on the clinical significance of this in a postoperative setting.

Hemodilution by fluid loading is part of patient optimization, however, fluid loading might have negative 

effects on microvascular integrity and function. The glycocalyx is a key term describing microcirculation 

and can be expressed as perfused boundary region (PBR), the microvascular red blood cell-free layer. 

In chapter 5 effects of fluids (crystalloids and colloids) on the PBR and microvascular perfusion are 

described in healthy volunteers. We found crystalloids to increase PBR for vessels with a diameter of 

10-19 μm (2.46 ± 0.33 μm, P=0.008) immediately after infusion, and for vessels with a diameter of 5-9 

μm  (1.13 ± 0.10 μm; P=0.04) and 10-19 μm (2.44 ± 0.43 μm; P=0.009) 15 minutes after infusion. Colloid 

infusion did not alter PBR for any vessel at any time point. Fluid infusion did not have effect on the 

microvascular perfusion. In this study the adage that fluid loading can restore glycocalyx, cannot be 

endorsed by this study. Inclusion of only healthy volunteers can be explanatory for this finding, as 
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well as the small sample size or more complex mechanisms like uncoupling of macrocirculatory from 

microcirculatory hemodynamics.

In chapter 6 we studied the influence of forced systemic hemodynamic optimization on microcirculatory 

perfusion in a population of elective abdominal surgery. In this study PPV and CI were optimized next to 

specific MAP goals  (PPV<12 %, CI > 2.5 L/min/m2, MAP>70 mmHg) in one group, while in the other group 

hemodynamic parameters were solely guided by the MAP target (MAP>70 mmHg). Hemodynamics 

were measured with the Nexfin noninvasive arterial blood pressure measuring device. Microcirculation 

was assessed using sidestream dark field (SDF) imaging at one, two and three hours after anesthesia 

induction. Microcirculation was expressed as total small (vessels < 20 μm) vessel density (TVD), perfused 

small vessel density (PVD) and proportion of perfused small vessels (PPVsmall = PVD/TVD). Besides, the 

semi-quantitative flow velocity microvascular flow index (MFI) was assessed. Hemodynamics showed 

higher CI values for the intervention group with comparable MAP values, however, at the expense 

of more fluids, especially in the first hour after induction of anesthesia. The microcirculation however 

showed no differences at all between groups for the selected microcirculatory parameters. These results 

suggest a non-fixed relationship between systemic hemodynamics and microcirculation and support 

the conclusions drawn in chapter 7.

Chapter 7 aimed to investigate effects of integration of a goal-directed therapy in a clinical setting 

on the incidence of postoperative complications. We compared the effects of addition of non-invasive 

cardiac index and pulse pressure variation monitoring to sole mean arterial pressure based hemodynamic 

therapy in patients undergoing moderate-risk abdominal surgery. In the intervention group patients 

were treated according to a predefined hemodynamic algorithm. Despite higher cardiac index and 

lower pulse pressure variation with similar mean arterial pressures, we found no overall complication 

reduction for patients additionally guided by non-invasive cardiac index and pulse pressure variation 

guided hemodynamic therapy. These findings support the emerging insights patients to have greater 

and measurable benefits from goal-directed hemodynamic therapy with increasing perioperative risks.

In chapter 8 and 9 the main findings of this thesis are summarized and discussed respectively, with 

recommendations for further research.
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Het aantal complicaties bij buikchirurgie dat veroorzaakt wordt door intraoperatief (tijdens een operatie) 

handelen of het nalaten ervan, zoals gebrek aan adequate monitoring van hart- en vaatfunctie of 

bijsturing daarvan (stimulans van de hartfunctie, vaatvernauwing en vochttoediening), is nog altijd te 

hoog. Het meten van de hart- en vaatfunctie tijdens een operatie noemen we ook wel hemodynamische 

monitoring. 

In dit proefschrift is gekeken naar het perioperatieve (rondom een operatie) beloop van geplande 

medium-tot-hoog risico buikchirurgie. Bovendien werd gekeken naar de toegevoegde waarde van 

dynamische parameters op basis van de bloeddruk en hartfunctie in het detecteren van vochtverlies 

enerzijds, en de beoordeling van de reactie op het toedienen van vocht (fluid responsiveness) anderzijds. 

Als laatste werd het effect van een intraoperatief doelgestuurd hemodynamisch beleid, ofwel goal-

directed hemodynamisch beleid, op de haarvaten (microcirculatie) en het herstel van de patiënt in 

geplande medium risico buikchirurgie onderzocht.

Hoofdstuk 1 is de opmaat van deze thesis en beschrijft de basisprincipes van hemodynamische 

monitoring en optimalisatie van het hemodynamische beleid van de patiënten die buikchirurgie 

ondergaan. Allereerst worden de effecten van variatie in het anesthesiologisch hemodynamisch beleid 

geëvalueerd. Ten tweede worden hemodynamische devices met de daarvan afgeleide hemodynamische 

parameters bekeken voor wat betreft de fluid responsiveness voorspellende waarde en de valkuilen bij 

de interpretatie van de afgeleide hemodynamische parameters. Daarnaast wordt het effect van een 

toegepast doelgestuurd hemodynamisch beleid, waaronder ook vullingsbeleid, op de microcirculatie 

bekeken. Als laatste wordt de toegevoegde waarde van een doelgestuurd hemodynamisch beleid en 

de toepasbaarheid ervan op een perioperatieve klinische setting beschreven.

Binnen een industriële setting wordt benchmarking als een essentieel principe beschouwd ter 

beoordeling van de procesmatige kwaliteit. In hoofdstuk 2 wordt de variatie in het perioperatief 

anesthesiologisch handelen beschreven en de potentiële effecten daarvan op het herstel van 

de patiënt. Meer specifiek werd de perioperatieve variatie voor geplande medium-tot-hoog risico 

buikchirurgie binnen 8 Nederlandse centra in kaart gebracht, inclusief een subanalyse ervan voor 

operaties volgens Whipple (operatie aan de alvleesklier), darmchirurgie en leverchirurgie. Wij vonden 

een uitgesproken anesthesiologische en hemodynamische variatie tussen de verschillende centra, 

hoewel zonder duidelijke aanwijzingen voor gevolgen voor het herstel van de patiënt. Toepassing van 

een doelgestuurd hemodynamisch beleid ging gepaard met hogere hoeveelheden toegediend vocht 

en een langere opnameduur in het ziekenhuis, hoewel zonder aanwijzingen voor een minder goede 

uitkomst voor de patiënt. Wat de exacte toegevoegde waarde van standaardisatie (tot een standaard 

brengen)  in anesthesiologisch handelen is, wordt niet volledig helder uit deze studie. Transparantie in 



170

CHAPTER 8

anesthesiologisch handelen en het daaruit voortvloeiende herstel van de patiënt is echter wel essentieel 

om hier iets over te kunnen zeggen.

In hoofdstuk 3 wordt de toegevoegde waarde van dynamische parameters zoals pulse pressure variation 

(PPV, een afgeleide parameter) en stroke volume variation (SVV, berekende parameter gebaseerd op een 

algoritme met input van demografische kenmerken van de patiënt) bekeken aan het voorspellen van fluid 

responsiveness (toename in het uitgepompte volume per slag van het hart (slagvolume (SV) >10 %) door 

een vullingsinterventie). Een populatie van beademende patiënten werd een milde fluid shift (directe of 

indirecte vochtbolus) aangedaan door middel van Trendelenburg positionering (positionering van de 

patiënt met het hoofd lager dan de benen waardoor de preload (voorbelasting) van het hart toeneemt 

door bloed vanuit de benen) met verandering van de PPV en SVV tot gevolg, echter zonder verandering 

in de mean arterial pressure (MAP) en cardiac index (CI). De levels of agreement tussen PPV en SVV waren 

breed. Opvallend waren verder bij beoordeling van de bias (afwijking ten opzichte van het daadwerkelijk 

juiste resultaat) de leeftijdsafhankelijke verschillen met een hogere PPV/SVV ratio (Eadyn, dynamic arterial 

elastance) voor oudere patiënten (leeftijd ≥55 jaar) vergeleken met jongere patiënten (leeftijd < 55 jaar). 

Ter voorspelling van fluid responsiveness is de uitgangs SVV superieur aan PPV en uitgesprokener indien 

er een Eadyn<0.89 is. Daarnaast is gekeken of de Eadyn onderscheidt of de bloeddruk zal reageren op 

vochttoediening (ratio<0.89) of niet (ratio ≥0.89), maar er werd geen verschil aangetoond.

Onze bevindingen geven aan dat dynamische parameters zoals PPV en SVV klinisch toegevoegde 

waarde hebben aan MAP en CI in het beoordelen van fluid shifts in patiënten onder algehele anesthesie, 

waarbij SVV waarschijnlijk beter is dan PPV in het voorspellen van fluid responsiveness, vooral in een 

subgroep van patiënten met een Eadyn<0.89. De levels of agreement tussen PPV en SVV zijn echter laag.

In hoofdstuk 4 wordt beschreven welke, door de Nexfin non-invasieve arteriële bloeddruk monitor 

gemeten, parameter gevoelig genoeg is om een vooraf bepaalde vaste (gestandaardiseerde) afname 

van bloedvolume in het vaatstelsel (circulerend volume) te detecteren in een groep van spontaan 

ademende vrijwilligers. Het beoordelen van het circulerend volume wordt namelijk doorgaans bepaald 

in een setting waarbij de patiënt onder narcose is en kunstmatig beademd wordt. In deze studie werd 

het effect van afname van 500 cc volbloed bekeken op verschillende hemodynamische parameters 

(MAP, CI, systemic vascular resistance index (SVRI) en PPV) in een gezonde groep van, spontaan ademende, 

bij de Bloedbank bloed donerende, vrijwilligers.

Hemodynamische parameters werden in, respectievelijk, rugligging met een stabiele 

ademhalingsfrequentie van 10/minuut en 2 Valsalva manoeuvres (na inademen geforceerd uitademen 

tegen de, bewust gesloten, stembanden, waardoor de druk in de borstkas stijgt en de voorbelasting van 

het hart afneemt) in zowel rugligging als een hoek van 20° tilt verzameld. Een afname van circulerend 

volume werd het meest adequaat weerspiegeld door een afname in cardiac index (hoeveelheid 

rondgepompt bloed per minuut gestandaardiseerd voor de lichaamsoppervlakte) en een toename 
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van de SVRI. MAP was het minst gevoelig in het detecteren van een gestandaardiseerde afname van 

circulerend volume.

Deze bevinding biedt perspectief in het non-invasief detecteren van een afname in circulerend volume 

in de direct postoperatieve fase bijvoorbeeld. De klinische significantie van deze bevinding moet echter 

nog worden uitgezocht. 

Relatieve verdunning van het bloed door vullingsvloeistoffen (hemodilutie) kan enerzijds een 

optimaliserende interventie zijn, maar kan anderzijds ook de microcirculatoire integriteit en functie ten 

negatieve beïnvloeden. Glycocalyx is een belangrijk begrip binnen de microcirculatie en kan worden 

beschreven door de PBR (perfused boundary region), de erythrocyt-vrije laag in de microcirculatie. 

In hoofdstuk 5 worden de effecten beschreven van verschillende soorten vullingsvloeistoffen 

(crystalloïden en colloïden) op de PBR en de microcirculatoire perfusie bij gezonde vrijwilligers. In onze 

studie resulteerde vulling met crystalloïden in een gestegen PBR voor vaten met een diameter van 10-19 

μm direct na infusie, en voor vaten met een diameter van 5-9 μm en 10-19 μm 15 minuten na infusie. 

Colloïdale infusie gaf voor geen enkel meetpunt een verandering in de PBR. Infusie van vloeistoffen gaf 

geen enkel meetbaar effect op de microcirculatoire perfusie. Derhalve kan het adagium dat vulling de 

glycocalyx kan herstellen door deze studie niet bevestigd worden. Mogelijk wordt dit verklaard door de 

selectie van louter gezonde vrijwilligers, dan wel door het kleine aantal vrijwilligers, danwel door een 

complex mechanisme waarbij de microcirculatie losgekoppeld is van de macrocirculatie. 

In hoofdstuk 6 wordt gekeken naar de invloed van een geforceerde optimalisatie van de systemische 

circulatie op de microcirculatoire perfusie bij een patiëntengroep voor geplande buikchirurgie. Een 

interventiegroep van patiënten waarbij PPV en CI (PPV<12 %, CI > 2.5 L/min/m2, MAP>70 mmHg), 

naast MAP werd geoptimaliseerd, werd uitgezet tegen een controlegroep waarbij de hemodynamische 

optimalisatie geleid werd door MAP (MAP>70 mmHg) alleen. De hemodynamische parameters werden 

gemeten met de Nexfin non-invasieve arteriële bloeddruk meter. De microcirculatie werd beoordeeld 

door sidestream dark field (SDF) imaging op 3 tijden (1, 2 en 3 uur na inductie van de anesthesie) onder 

de tong. Hierbij werd de microcirculatie beoordeeld aan de hand van de TVD (total vessel density, vaten 

<20 μm), PVD (perfused vessel density) en PPVsmall (proportion of perfused small vessels, PPVsmall=PVD/

TVD). Ook werd de MFI (microvascular flow index) bepaald, een parameter waarin de mate van perfusie 

semi-kwantitatief wordt weergegeven. In de interventiegroep werden hogere CI waarden gevonden bij 

een gelijke MAP, echter, ten koste van meer vochttoediening, vooral in het eerste uur na starten van de 

narcose. In de microcirculatoire parametrie werden geen verschillen gevonden tussen de groepen. Deze 

resultaten doen vermoeden dat er geen directe relatie bestaat tussen de macrocirculatie (i.e. systemische 

hemodynamische parametrie) en de microcirculatie. Deze conclusie ondersteunt de bevindingen van 

hoofdstuk 7.
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In hoofdstuk 7 wordt de impact beschreven van de invoering van een doelgestuurd hemodynamisch 

beleid in een klinische setting op het ontstaan van postoperatieve complicaties. In deze studie wordt 

het effect beschreven van additionele monitoring en bijsturing (op geleide) van (non-invasief gemeten) 

cardiac index en pulse pressure variation vergeleken met (louter) MAP gestuurde hemodynamiek in een 

populatie van moderate-risico buikchirurgie.

De interventiegroep werd behandeld volgens een vooraf bepaald hemodynamisch algoritme. Ondanks 

een hogere cardiac index en lagere pulse pressure variation in de interventiegroep bij overigens gelijke 

MAP waarden, kon geen complicatievermindering worden aangetoond. Deze resultaten ondersteunen 

het voortschrijdend inzicht dat voor toepasbaarheid van een doelgestuurd hemodynamisch beleid 

geldt:  hoe hoger het risicoprofiel van de patiënt rondom een operatie, hoe hoger de toegevoegde 

waarde van een doelgestuurd hemodynamisch beleid.

In hoofdstuk 8 en 9 worden de resultaten van dit proefschrift achtereenvolgens samengevat en 

bediscussieerd, met aanbevelingen voor toekomstig onderzoek.
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En zo komt er toch nog een eind aan een traject dat afgespeeld heeft gedurende grofweg een derde 

van mijn bestaan. En daar ben ik trots op. Dit traject beslaat niet alleen een groot deel van mijn bestaan, 

het symboliseert ook het leven met pieken, maar zeker ook dalen. En velen zijn, gewild of ongewild, 

deelgenoot geworden van mijn promotie-gerelateerde activiteiten. Hoewel ik alleen al een boek zou 

kunnen schrijven over mijn persoonlijke belevenissen tijdens dit promotie-traject, wil ik het voor ieders 

welzijn beperken tot het boekwerk dat voor u ligt. Velen verdienen namelijk woorden van oprechte dank 

voor hun bijdrage aan dit boekwerk.
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hun inspanningen en moed om in een voor hen zware en onzekere tijd ook nog een bijdrage te willen 

leveren aan een studie. 

Daarnaast ook grote dank aan de vrijwilligers die, niet zelden tijdens hun werkdag, tijd vrij maakten om 

één van de onderzoeken te faciliteren.

Mijn promotor professor Boer, beste Christa, waar zal ik beginnen? Ooit als AIOS onder jouw bezielende 

leiding gestart met dit project. Eerst alleen één project voor “hét vinkje”, maar bij een goed lopend project 

uiteindelijk uitgebouwd tot dit traject. En zonder jou was dit zeker nooit gelukt. Je bent een enorme 

“motivator” en “inspirator”; als de moed mij weer eens in de schoenen gezakt was, had ik na een koffietje 

bij “Het Plein” in een keer semi-professorabele ambities. Het gemak waarmee jij wetenschap bedrijft, 

daarvan kan ik zelfs in mijn REM-slaap alleen maar dromen. Niet te vergeten de gezellige en gastvrije 

research-etentjes bij jou en Sjoerd & de zachtharige vierpotigen thuis. Dank voor jouw inspanningen dit 

traject tot het eind toe te begeleiden. Laten we niet vergeten dat jij na het vertrekken van “6F” in een 

ongelooflijk drukke andere baan bent gestart. Heel veel succes in jouw carriere.

Promotor professor Loer, beste Stephan, dank voor de inspanningen om tot hier te mogen komen. 

Buitengewoon vereerd was ik toen ik in 2010 als AIOS anesthesiologie mocht starten. Indrukwekkend! 

Zonder de kansen die mij geboden zijn, had ik niet gestaan waar ik nu sta. De deur van jouw kamer staat 

altijd open voor een reflectiemoment. De “ja-maar-vrije-zone” heb ik hierbij grotendeels gerespecteerd. 

Indrukwekkend was ook de snelheid van revisie waarbij “rechtvaardig-kritisch” de lading goed dekt. Dank 

voor alle inspanningen en kansen!

Mijn copromotor, dr. Hering, beste Jens, wát een toewijding en enthousiasme voor het vak heb jij. 

Onvermoeibaar en altijd bereid om mee te denken, opbouwend-kritisch te reviseren waarbij je de “final 

decision” aan mij liet. In beginsel moest ik wennen aan jouw grenzeloze enthousiasme, maar zoals je 

goede wijn ook moet leren waarderen, is dit helemaal goed gekomen. Dank voor jouw goedheid en 

inspanningen. Ik heb het zeer gewaardeerd!
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De leden van de lees- en promotiecommissie, prof. dr. W.F. Buhre, prof. dr. K.D.P.W.B. Nanayakkara, prof. 

dr. H.A.H. Kaasjager, dr. S.S. Gisbertz, dr. J.J. Haitsma, prof. dr. B. Preckel wil ik hartelijk danken voor hun 

bereidwilligheid tot het beoordelen van mijn proefschrift en zitting nemen in de promotiecommissie.

Dank aan de afdeling anesthesiologie Amsterdam UMC, locatie De Boelelaan, alias “de VU” voor de non-

HR-tijgers onder ons, voor de support in de afgelopen jaren, de geboden tijd zodat niet alles in de eigen 

tijd hoefde te gebeuren en het faciliteren van de onderzoeken.

Het Dijklander Ziekenhuis in Hoorn mag natuurlijk niet vergeten worden. Ten eerste hebben zich daar 

de eerste stappen van mijn onderzoekstraject afgespeeld, maar daarnaast was het naar mijn mening de 

allerleukste plek voor mijn perifere stage in het kader van mijn opleiding tot anesthesioloog. Voor de 

heerlijke Westfriese nuchterheid, het harde werken, het enthousiasme van anesthesiologen, anesthesie-

mederwerkers, verkoeverpersoneel en chirurgie, moet je elders echt héél goed zoeken. Dat op het ter 

blindering van de Nexfin- parameters aangebrachte blaadje geregeld mijn wakende blik werd getekend, 

zal ik dan ook met een glimlach van harte vergeven. ;-) Dank allen! 

Dank ook aan de aan Amsterdam UMC geaffilieerde ziekenhuizen en organisaties die in belangrijke 

mate hebben bijgedragen aan het multicentre aspect, zijnde Dijklander Ziekenhuis Hoorn, Spaarne 

Ziekenhuis Haarlem en Hoofddorp, Noordwest Ziekenhuis Alkmaar, Albert Schweitzer Ziekenhuis, 

Leiden Universitair Medisch Centrum, OLVG Amsterdam, NKI-AVL Amsterdam, Universitair Medisch 

Centrum Groningen en Sanquin.

Dank aan de co-auteurs voor hun bijdrage aan dit boekwerk; een ieder op zijn/haar eigen wijze.

De bijdragende waarde van Peter van de Ven, statisticus, is voor mij zeer groot geweest. De voor mij 

soms complexe statistische vraagstukken kon jij in begrijpelijke taal helder maken. Heel veel dank!

Dank aan de secretaresses van de afdeling anesthesiologie Amsterdam UMC, locatie VUmc, voor het 

ondersteunen bij het organiseren van onderzoeks-gerelateerde bijeenkomsten.

Woorden van dank en tevens van excuses voor Annick Stolze en Ilse Jansma. Ooit aan een project 

begonnen maar uiteindelijk nooit afgerond door verandering van de lijn in “het boekje”. Desondanks 

heel veel dank aan beiden!

Dank aan de stafleden anesthesiologie voor het soms net een stapje harder zetten, zodat promoverende 

strijders, waaronder ondergetekende strijder, wat aan hun onderzoek konden doen. En niet te vergeten 

de momenten, doorgaans onder het genot van een cappuccinootje, om even stoom af te blazen, als 

er weer eens iets tegen zat, zodat er daarna weer met frisse moed verder kon worden gestreden. Niet 

zelden gezellig samen met onze anesthesiemedewerkers, die naast een sleutelrol qua gezelligheid ook 

een sleutelrol hebben bij de ondersteuning van de onderzoeken. Dank allen!
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Mijn paranimf Carolien Bulte, alias Bultje, ik ben jou voor het eerst tegen gekomen toen jij, toen nog 

als fulltime promovenda, achterin de overdrachtsruimte zittend, de heroïsche anesthesiologische 

avonturen van de afgelopen nacht in je op nam. Ik mocht zo nu en dan anesthesie geven aan patiënten 

waarbij jij de handen in ijsbadjes dompelde. Ik was net als AIOS gestart en grappig genoeg kruisten 

onze “lifelines” daarna veelvuldig: jij ook AIOS, gepromoveerd, staflid, MMT-collega en (uiteraard) ook 

een BMW ;-). De ijsbadjes voor patiënten werden ingeruild voor ijsbadjes voor flesjes Pinot Grigio, jouw 

appartement in Buitenveldert voor een villa in het Gooi. Je bent voor mij een heel dierbare collega 

waarbij ik je op velerlei vlak bewonder. Het is mij een grote eer dat je mijn paranimf wil zijn!

Enkele directe andere collega’s verdienen ook woorden van lof, zonder voorbij te gaan aan hen die niet 

met naam en toenaam genoemd worden. Marcel de Leeuw, altijd geïnteresseerd in de voortgang van 

mijn promotie en met zeer gewaardeerde overkoepelende opmerkingen. Marcel stond aan de wieg van 

mijn MMT-artsen carrière waardoor ik mij enorm heb kunnen ontwikkelen als anesthesioloog.

Uiteraard zou het leven niet zo mooi geweest zijn zonder het genoegen te mogen werken met de 

collegae MMT-artsen, piloten, HCM’ers en HLO’ers van Lifeliner 1 Amsterdam; grappen op het randje en 

soms (?) er een heel klein beetje overheen, maar volledig gefocust wanneer nodig (m.u.v. Peppie uiteraard 

maar dat spreekt vanzelf). Ik heb jullie gezelligheid, interesse, humor en levenswijsheid nodig gehad én 

gewaardeerd. Blijf goed voor elkaar zorgen!

Lieve papa en helaas veel te vroeg heengegane mama. Jullie onvoorwaardelijke steun in overigens 

al mijn activiteiten hebben gemaakt dat ik dit traject heb af kunnen ronden. Gedrild werden we 

nooit, hoogstens gewezen op kansen in de goede richting. Hoewel ik als vermeend non-psychoticus 

toch vaak beren op de weg zag, konden jullie met relativeringsvermogen de ervaren problematiek 

ernstig vereenvoudigen zonder te bagatelliseren, zodat het weer behapbaar bleef; misschien wel de 

belangrijkste levensles uit dit traject.

Lieve Menno, mijn grote broer. We zijn hetzelfde, en ook weer niet; allebei autoliefhebber pur sang, 

allebei soms wat rechtlijnig, maar van jouw vermogen de dingen wat te vereenvoudigen kan ik nog veel 

leren. Overigens ook van het circuitrijden op de Nürburgring: het voorlaatste weekendje was een prijzig 

avontuur… Wel een mooi verhaal… Dank ook dat je mijn paranimf wil zijn. Oja, en ooit zal je je taxi toch 

wel weer inruilen voor het echte Freude am Fahren?

Lieve Marieke en mijn fantastische mannen Pim & Joep, dank voor jullie hulp hierbij. Dit soort projecten 

gaat soms toch meer dan mij (en misschien ook wel jullie) lief was ten koste van thuis; niet zelden 

heb ik gekozen om bij leuke geplande activiteiten thuis te blijven, zodat ik wat aan mijn promotie kon 

doen omdat er (weer eens) geen schot in de zaak zat. Gelukkig begrepen jullie het altijd wel, en dat 

heb ik gewaardeerd. Bij thuiskomst kreeg ik altijd een heerlijke knuffel en mocht papa even aan jullie 

oortje knabbelen. Jij, Marieke, ook een druk bestaan met je eigen praktijk. Desondanks een fantastische 
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moeder voor onze prachtige jongens. Toch is het mooi dat aan dit project nu ook een einde komt en er 

een herschikking van tijd kan zijn. Papa houdt heel veel van jullie en is ongelooflijk trots op jullie!

Ik sluit af met de Latijnse spreuk waar ik in 2009 mijn sollicitatiebrief voor de opleiding Anesthesiologie 

mee aanhief: 

“Faber quisque fortunae suae”.

En zo is het.
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