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Cancer is a leading cause of death worldwide. In 2020, an estimated 5 million new 
cancer cases of the gastrointestinal organs occurred, with colorectal cancer being the 
second leading cause of all cancer related death (1). For patients with localized 
colorectal cancer, surgical resection is the primary treatment with curative intent. In 
addition, patients with other abdominal pathology, for example bowel ischemia,  
inflammatory bowel disease or diverticulitis, can also require surgical resection. One 
of the most dreaded complications after gastrointestinal surgery is anastomotic leakage 
(AL). As patients with AL have higher morbidity, higher in-hospital mortality and worse 
long-term outcome (2,3). Various risk factors for AL have been identified  and outcome 
after colorectal surgery is improving (4,5). Still, the reported incidence of AL varies from 
1-19%, with a rate of 5-19% for colorectal surgery (4).  As adequate tissue oxygenation 
is a perquisite for anastomotic healing, bowel perfusion is often named as key in the 
pathophysiology of AL. During surgery, macroscopic assessment of bowel perfusion 
remains integral in determining anastomotic viability. This is done by examining color, 
bowel peristalsis and testing for pulsation and bleeding from the marginal arteries (6). 
However, clinical assessment of anastomotic viability during surgery remains 
challenging (7). Deficient anastomotic oxygenation and micro perfusion of the bowel 
during surgery have been associated with the occurrence of AL (8–12). Suggesting that 
compromised oxygen transport, on a microcirculatory level, can be present even when 
macroscopic assessment of the bowel is not deficient. 

The microcirculation is formed by vessels with a diameter < 20 um; the arterioles, 
venules and capillaries (13). Microcirculatory perfusion is partially driven by 
macrohemodynamic factors. Logically, macrohemodynamic variables such as blood 
pressure are used on a daily basis in clinical practice, both as monitoring and as a target 
for resuscitation. With one of the aims being perseverance of tissue oxygenation. For 
instance, during surgery it is recommended to maintain a mean arterial blood pressure 
of 60-70 mm Hg as lower values have been associated with postoperative complications 
(14). The coupling of the macro and microcirculation has been termed hemodynamic 
coherence (15).  However, this relationship is not always a linear one. Especially during 
different types of shock this coherence can be lost.  For instance, in abdominal surgery, 
the sublingual microcirculation proved predictive for postoperative complications, 
while blood pressure was not (16). In addition, various organs can behave in different 
ways. In patients with abdominal sepsis, and a newly constructed stoma, no relation 
between de sublingual and the intestinal microcirculation was found (17). Highlighting 
the importance of studying the target organ itself. The behavior of the intestinal 
microcirculation during surgery remains to be elucidated. As current literature mainly 
consists of animal studies, and results are inconclusive. Clarifying the relationship 
between the micro- and microcirculation is of importance, as it could lead to improved 
perioperative hemodynamic management.  The following types of microcirculatory 
alterations have been proposed as underlying mechanisms for the loss of hemodynamic 
coherence. Firstly, heterogeneity of flow, meaning that blood flow is present is certain 
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capillaries, but that nearby capillaries are obstructed with no perfusion. Secondly, 
hemodilution, in which flow is present, but the blood had less oxygen carrying capacity 
and diffusion distances are longer. Thirdly, vasoconstriction or tamponade, can lead 
to obstructed capillaries in which flow is absent. And finally tissue edema can result in 
larger diffusion distances (15).  These microcirculatory disturbances could play a role 
in the pathophysiology of AL. In addition, they could be present, even when perfusion 
macroscopically appears to be adequate. Devices and techniques which can aid in the 
assessment of bowel perfusion during surgery have recently gathered much interest, 
as they could potentially reduce the incidence of AL (18).  

In the year 1688 Antoni van Leeuwenhoek was the first to visualize and describe the 
in vivo microcirculation.  Centuries later orthogonal polarization spectral imaging, a 
first-generation handheld vital microscope, was introduced (19). In the following 
decades this device was then succeeded by sidestream dark field imaging and incident 
dark field imaging, a second- and third generation device respectively (20,21). Handheld 
vital microscopy (HVM) is a technique that can directly visualize the microcirculation. 
It uses a wavelength of light such that it is absorbed by hemoglobin and bounces back 
from surrounding tissue (20). The visualized erythrocytes provide information about 
flow and the capillary network. HVM is a noninvasive device which visualizes a region 
of interest upon direct contact to a tissue surface. From the acquired HVM images 
microcirculatory parameters can be calculated. Thereby, a qualitive assessment of the 
microcirculation can translate to a quantitative one. These parameters can provide 
information on perfusion, flow velocity, diffusion distances, heterogeneity of flow and 
the glycocalyx layer (22). The majority of use in humans has been sublingually to study 
the microcirculation of the oral mucosa. However, it can also be used to visualize the 
microcirculation of various organ surfaces during surgery, such as the cerebral cortex, 
the peritoneum, the rectal mucosa and the liver (23–26). Recently, HVM has also been 
shown feasible in imaging the serosal microcirculation of the intestine during surgery 
(27). Opening the door to further investigate the intraoperative microcirculatory 
function of the intestine. 

Outline thesis 

The overall aim of this thesis is to gain more insight into the  microcirculatory function 
of the intestine during abdominal surgery. The intestinal microcirculation was  
visualized using HVM. In particular attention has been paid to blood flow at the planned 
primary anastomosis, and to the relationship between the microcirculation and 
macrohemodynamic factors.

In a prior study, imaging of the intestinal microcirculation proved to be more challenging 
than imaging the sublingual microcirculation. Chapter 2 Introduces the image 
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acquisition stabilizer and its validation for use with HVM during abdominal surgery. 
The aim of this study was to examine if the use of an image acquisition stabilizer 
improved imaging of the intestinal serosa with an HVM during surgery.

As described, the relation between macrohemodynamics and the intestinal 
microcirculation during surgery remains unclear. In Chapter 3 we studied the 
correlation between blood pressure and the microcirculation. In 28 patients, the serosal 
intestinal microcirculation was imaged during surgery. We tested for correlation 
between microcirculatory parameters and macrohemodynamics. In addition, the 
relation between microcirculatory parameters and fluid resuscitation and the use of 
vasoactive agents was studied. 

Thoracic epidural anesthesia is regularly used in abdominal surgery for perioperative 
pain management. In addition to blockade of pain nerves, the sympathetic nervous 
system is also blocked by epidural administration of local anesthetics. Theoretically, 
resulting in vasodilation of the splanchnic circulation paired with a macrohemodynamic 
effect. We hypothesized that TEA, by means of splanchnic vasodilatation, increases 
microcirculatory perfusion of the serosa of the human bowel. In chapter 4 we tested 
this hypothesis during abdominal surgery.

Chapter 5 describes the use of HVM in imaging perianastomotic blood flow during 
laparoscopic colorectal surgery. As inadequate perfusion has been linked to AL, we 
hypothesized that microcirculatory alterations of the intestinal serosa are present 
during surgery and that HVM can detects this gradual decline in perfusion.

In Chapter 6 we examined how the serosal and mucosal microcirculation relate at a 
planned site for a primary anastomosis during surgery.  Blood flow in the intestinal 
wall goes from the serosa through the muscularis, submucosal and finally the mucosal 
layer. It has been indicated that the mucosa is more vulnerable to hypoperfusion than 
the serosa. However, the intraoperative distribution of mucosal and serosal perfusion 
remains unknown. The aim of the study presented in this chapter was to examine if 
differences between perfusion of the serosa and mucosa exist at the planned 
anastomosis during surgery.

Chapter 7 presents two cases of patients undergoing laparoscopic colorectal surgery 
in which HVM aided in detection of inadequate blood flow at a planned site for primary 
anastomosis. Showing a future perspective of clinical use of this technique. 

This thesis presents visualization of the intestinal microcirculation during surgery with 
the use of HVM.  An overall conclusion and discussion is given in Chapter 8. With the 
goal of placing the gathered physiological and clinical findings in a broader perspective.
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Abstract

Introduction
To investigate whether an image acquisition stabilizer (IAS) mounted on the sidestream 
dark field camera (SDF) during gastrointestinal surgery improves image stability and 
acquisition. 

Methods
Serosal SDF imaging was compared with SDF imaging combined with an IAS (SDF + IAS) 
during gastrointestinal surgery. Stability was assessed as the image drift in pixels and 
the time to obtain stable images. The success rate was determined as the percentage 
of analyzable images after recording. The effect of negative pressure from the IAS was 
determined during single-spot measurements and by comparing microvascular 
parameters between groups. Data are presented as mean ± SD. 

Results
Sixty serosal measurements were performed per group; 87% were successful in the 
SDF group and 100% in the SDF + IAS group (p = 0.003). Image drift in the SDF group 
was 148 ± 36 versus 55 ± 15 pixels in the SDF + IAS group; p < 0.001. Time to stable 
image was 96 ± 60 s in the SDF group versus 57 ± 31 s in the SDF + IAS group; p = 0.03. 
No effect of negative pressure was seen. 

Conclusion
The use of an IAS mounted on an SDF camera during serosal microvascular assessment 
improves the success rate of image acquisition and stability and reduces the time to 
stable image with no effect on the microcirculation.
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Introduction

Sidestream dark field (SDF) imaging is an optical device that enables in vivo microscopy 
of the microcirculation in a large variety of vascular beds, and it provides information 
on parameters of convexity and diffusion (1,2). Currently, SDF imaging is predominantly 
applied sublingually to assess microvascular dysfunction in several disease states (3,4). 
Recently, our research group validated the use of the SDF on the bowel serosa during 
gastrointestinal surgery in a feasibility study (5). We demonstrated that serosal 
microvascular imaging with an SDF device is feasible and that the assessment of 
microcirculatory parameters is comparable to the sublingual area. In general, axial and 
lateral stability are dependent on the operator’s skills to stabilize the SDF microscope. 
In addition, observation of the bowel microcirculation is complicated by gut motility. 
This may cause pressure artifacts and image drift or even make it impossible to obtain 
stable video clips suitable for image analysis. Significant image drift, increased time to 
stable image (compared to with sublingual assessment) and an inability to obtain stable 
videos were reported in our previous study (5). In this study, we developed and 
investigated the use of an image acquisition stabilizer (IAS) in combination with the 
SDF camera for the microcirculatory assessment of bowel perfusion during open 
gastrointestinal surgery. The primary purpose of the study was to enhance image 
stability, to improve the percentage of acquired images and to assess the potential 
effects on microcirculatory parameters like red blood cell velocity and capillary density.

Methods

Setting and Selection of Patients
A prospective, single-center, observational clinical study was performed between June 
2014 and June 2016 on patients undergoing elective open gastrointestinal surgery. The 
surgical procedures included were: all forms of open colorectal surgery, pylorus-
preserving pancreaticoduodenectomy and laparoscopic procedures with extracorporeal 
creation of the bowel anastomosis. The study was performed in a tertiary teaching 
hospital (St Antonius Hospital, Nieuwegein, The Netherlands) after obtaining the 
approval of the joint medical ethical committee and local research and development 
committee. All patients gave written informed consent. The first group of patients (SDF 
group) consisted of an historical group with previously published data on SDF imaging 
during open gastrointestinal surgery without the use of an IAS [5]. The data on the 
second group (SDF + IAS group) was collected using the same study protocol, but after 
the introduction of the combined use of an IAS mounted on a SDF camera. In addition, 
the effect of applying negative pressure through the IAS onto the microcirculation of 
the serosa was separately validated in 5 patients undergoing laparoscopic sigmoid 
resection.
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Imaging Technique
SDF imaging is conducted with a hand-held device that illuminates an area of interest 
by surrounding a central light-guide with concentrically placed light-emitting diodes. 
If the wavelength within the hemoglobin absorvption spectrum is chosen, erythrocytes 
will appear dark and leukocytes may be visible as refringent bodies. The vessel wall 
itself is not visualized directly, although faint contours can be identified depending on 
the presence of intravascular erythrocytes. The lens system in the light-guide core is 
optically isolated from the illuminating outer ring, thus preventing tissue-surface 
reflections from entering the center of the light-guide. The SDF device is fitted with an 
analog video camera. The images acquired were digitalized by a separate analog-to-
digital convertor device for off-line analysis (1,6). The SDF device used in this study, the 
MicroScan® (MicroVision Medical, Amsterdam, The Netherlands) is CE-certified.

Image Acquisition Stabilizer
Our IAS is, in essence, similar to that reported by Balestra et al. (7) and consists of a 
hollow, stainless-steel cylinder which fits snugly around the tip of the disposable sterile 
cap of the SDF probe (Figure 1). The design of the IAS is such that it relieves pressure 
on the imaged tissue without losing image focus, by leaving a 100-μm space between 
the tip of the SDF probe and the tissue. Using a vacuum-source pressure regulator 
(patient suction module, Flow-I®, Maquet, Rastatt, Germany) negative pressure can be 
applied to the tissue, surrounding the imaged area via 20 concave channels. To prevent 
fluids from reaching the vacuum regulator, a fluid trap (BactiClear® Antimicrobial 
Disposable Suction Liner 1,000 ml, VacSax Ltd., Plymouth, UK) is interposed between 

Figure 1 The Sidestream dark field imaging sterile cover with the image acquisition stabilizer. Schematic: 
disassembled (left), assembled (middle) and detailed dimensions (right).
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the IAS and the vacuum regulator. In agreement with previously published values (7,8), 
we used a negative pressure of 100 ± 20 mm Hg. The IAS was reproduced, redesigned 
and conceived in collaboration with the Department of Medical Instruments, Research 
and Development and the Sterilization Department (St Antonius Hospital, Nieuwegein) 
so as to adhere to clinical standards for reusable devices. The main requirement for 
adequate cleaning and sterilization was the possibility of disassembling the device. In 
addition, we reduced the number of suction ports to 1, to ensure that the ports are 
not occluded with body fluids or fragmented biological material during the sterilization 
process (7). Currently, the IAS is not commercially available, but help and advice about 
producing it can be obtained from our Department of Medical Instruments, Research 
and Development.

Protocol and Image Acquisition
All surgical procedures were performed according to standard local protocols. All 
patient data were recorded automatically and continuously by a patient data-
management system. Anesthesia-related hypotension, i.e. a ≥20% decrease in mean 
arterial pressure (MAP) or MAP <60 mm Hg, was treated with fluids and/or vasopressors 
until the patient showed stable hemodynamic parameters before SDF imaging was 
performed. Special care was taken to avoid pressure artifacts, adhering to the standard 
operating procedure previously described by Trzeciak et al. (3) and recommended in 
a round-table conference (2). A laparoscopy camera cover over the SDF imaging device 
was used to create a sterile work field for the serosal measurements. Furthermore, 
the sterile disposable lens cover was preheated to body temperature, secretions or 
blood on the bowel surface were removed with gauze and isotonic saline was applied 
at the surface of interest. In 5 patients, the effect of negative pressure on the serosal 
microcirculation was assessed by switching on the negative pressure source at 100 ± 
20 mm Hg during single-spot measurement. In all patients, an accessible piece of bowel 
serosa, either colon or small intestine, with sufficient distance to the tumor or 
anastomosis was used. In the SDF + IAS group, the suction on the IAS was established 
at 100 ± 20 mm Hg and was switched on after the first contact, in order to assess the 
effect of suction on the microcirculation. Image acquisition with the SDF imaging device 
included 3 good-quality and stable visual recordings per area of interest. These were 
stored under a random number and the locations of all measurements were noted. 
Two investigators separately analyzed these images (off-line) using the AVA 3.2 software 
program (Microvision Medical, Amsterdam, The Netherlands) (9).

Quantifying Microcirculation, Parameters for Image Acquisition and Stability
Quantitation of SDF images was performed according to international guidelines (2). 
Video clips were directly saved as digital AVI-DV files to a PC hard-drive using an analog-
to-digital converter (Canopus, Kobe, Japan) and the freeware program WinDV (http://
windv.mourek.cz). Optical magnification of ×5 was used, producing images representing 
approximately 0.94 × 0.75 mm of tissue surface. Microvascular flow index (MFI), 
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proportion of perfused vessels (PPV), perfused-vessel density (PVD) and total vessel 
density (TVD) were determined for every patient according to the guidelines (2). The 
semiquantitative MFI is based on the determination of the predominant type of flow 
in 4 quadrants; it is the sum of the scores divided by the number of scored quadrants. 
The image analysis has previously been described in detail elsewhere [9]. Each score 
was determined for small microvessels with a cut-off diameter of 25 μm. The MFI and 
PPV were used to assess the effect of negative pressure through the IAS for small (<25 
μm) and large (>25 μm) vessels. For each area of interest, 3 video files were recorded 
and the scored indices, MFI, PPV, TVD and PVD, were averaged, resulting in 1 MFI, PPV, 
TVD and PVD per area of interest per time point, and the parameters for image stability 
were also averaged into 1 measurement per time point. The time it took for the 
completion of measurements was noted as indicative of the difficulty in obtaining 
images. The times required to obtain a stable image and image drift were assessed to 
investigateimage stability. Image drift during automated image stabilization was 
measured as the translation (in pixels) in either the x- or y-direction of an image with 
respect to the first image of a video sequence, resulting in loss of pixels per image 
(Figure 2) (5,8). The parameters for microvascular assessment were used to compare 
the effects of negative pressure in the SDF + IAS group versus the SDF group, beside 
the possible effects seen at switch-on during measurements.

Figure 2 Image stability was assessed using the time to get a stable image and start recording. Image drift 
during automated image stabilization (AVA 3.2 software) for microvascular analysis was measured as the 
translation (in pixels) of an image with respect to the first image of a video sequence and was used as a 
parameter for image stability. Pixel loss after stabilization was recorded per measurement.
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Statistical Analysis
Data are presented in medians and interquartile ranges (IQR) for MFI and PPV and as 
mean ± SD for other parameters unless indicated otherwise. Nonparametric tests were 
used for MFI and the independent Student t test was used for the other data. The 
Statistical Package for Social Sciences (IBM SPSS 20 statistics) was used for statistical 
analysis. A two-sided p value of <0.05 was considered statistically significant.

Results

The validation of the IAS, made by switching on the negative pressure source during 
a stable single-spot measurement in 5 patients, did not show any effect on MFI or PPV 
in the small or large vessels. In the small vessels, MFI IAS-off was 2.9 (IQR 2.75-3.0) 
versus IAS-on 2.9 (IQR 2.75-3.0), p = 1.00, and PPV IAS-off was 90% (IQR 85-95) versus 
IAS-on 89% (IQR 84-95), p = 0.114. For the large-vessel MFI and PPV measurements, all 
vessels showed maximum MFI and PPV during switch off/on, and no difference was 
observed (Figure 3). Seventeen patients in the SDF group and 15 in the SDF + IAS group 
were enrolled. Baseline characteristics are summarized in table 1. All measurements 
were performed under normal hemodynamic conditions (table 2). In both groups a 
total of 60 measurements per group were performed. An 87% success rate (5 exclusions 
due to extensive bowel peristalsis and 3 because of pressure artifacts) was achieved 
in the SDF group versus a 100% success rate of attempted measurements in the SDF 
+ IAS group (p = 0,003). There was a significant difference in image drift (pixel loss) of 
147 ± 36 versus 55 ± 15 pixels (p < 0.001; Figure 4) in favor of the SDF + IAS group.  

Figure 3 Influence on the microcirculation during applied negative pressure through the image acquisition 
stabilizer: the microvascular flow index and proportion of perfused vessels in the small and large vessels of 
the bowel serosa in a sidestream dark field video sequence of 5 patients while the negative pressure source 
of the image acquisition stabilizer was switched on after a stable image was acquired.
Abbreviations: IAS: image acquisition stabilizer, MFI: microvascular flow index, n.s.: non-significant, PPV: 
proportion of perfused vessels
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Table 1 Baseline characteristics

Parameter SDF group SDF + IAS group

Male 10 (59) 9 (60)

Mean age (range), years 69 (60-80) 65 (52-80)

Procedures

   Laparoscopic low anterior resection 3 (17.6) 9 (60)

   Laparoscopic sigmoid resection 3 (17.6) 1 (6.6)

    Pylorus preserving  
        pancreaticoduodenectomy

3 (17.6) 2 (13.3)

    Hemicolectomy 6 (35.3) -

    Diagnostic laparotomy 2 (11.8) 1 (6.6)

    Hemihepatectomy - 1 (6.6)

    Gastrectomy - 1 (6.6)

Mean BMI (range), kg/m2 26 (19-39) 26 (21-37)

Epidural analgesia 14  (82.4) 13 (86.6)

Smoker 3 (17.6) 0

Hypertension 9 (52.9) 5 (33.3)

Diabetes 4 (23.5) 1 (6.7)

COPD 4 (23.5) 1 (6.7)

Data are presented as n (%), unless otherwise indicated. COPD: chronic obstructive pulmonary disease, 
Abbreviations: IAS: image acquisition stabilizer, BMI: body mass index, SDF: sidestream dark field.

Table 2 Systemic hemodynamics

Parameter SDF group SDF + IAS group

Heat rate, beats/min 64 ± 12 65 ± 12

Systolic arterial pressure, mm Hg 110 ± 6 98 ± 13

Diastolic arterial pressure, mm Hg 56 ± 10 54 ± 9

MAP, mmHg 74 ± 8 69 ± 10

Central venous pressure, mm Hg 10 ± 4.6 13 ± 4.7

Core temperature, °C 36.1 ± 0.68 36.3 ± 0.58

Cardiac index, L/min•m2 2.3 ± 0.4 2.1 ± 0.13

Stroke volume variation, % 11 ± 6 10 ± 1

Haemoglobine, mmol/l 7.3 ± 1.3 8,8 ± 1,1

Haematocrit, % 34 ± 6 41 ± 5

Norepinepherine use, n 8 5

Norepinepherine dose, μg/kg•min 0.045 ± 0.037 0.044 ± 0.027

Data are presented as mean ± standard deviation (SD), unless otherwise indicated. Abbreviations: IAS: image 
acquisition stabilizer, MAP: mean arterial pressure, SDF: sidestream dark field.
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The time required to obtain a stable image was 96 ± 60 s in the SDF group versus 57 
± 31 s in the SDF + IAS group (p = 0.03; Figure 5). No effect of negative pressure was 
seen when comparing microvascular parameters (table 3) nor was damage to the 
serosa seen in any patient.

Table 3 Imaging results

Parameter SDF group SDF + IAS group p-value

Image stability

Image drift, pixels 148 ± 36 55 ± 15 <0.001

Time to stable image, s 96 ± 60 57 ± 31 0.032

Image acquisition success rate

Attempted measurements (%) 52/60 (87) 60/60 (100) 0.003

Effect of negative pressure

MFI (IQR), AU 2.91 (2.87 – 2.95) 3.00 (2.83 – 3.00) 0.31

Median PPV (IQR), % 95 (93-97) 95 (88-98) 1.00

TVD, mm/mm2 13.6 ± 3.6 12.1 ± 1.7 0.144

PVD, mm/mm2 12.9 ± 3.4 11.1 ± 1.6 0.076

Data are presented as mean ± standard deviation (SD), unless otherwise indicated. Abbreviations: IAS: image 
acquisition stabilizer, MFI: microvascular flow index, PPV: proportion of perfused vessels, PVD: perfused vessel 
density, SDF: sidestream dark field, TVD: total vessel density.

Figure 4 Image drift after automated image 
stabilization. Scatter plot of pixel loss after automated 
image stabilization was a measurement of image 
stability. Mean ± SD.
Abbreviations: SDF: sidestream dark field. IAS: image 
acquisition stabilizer.

Figure 5 Image stability marked as time to stable 
image. Scatter plot oftime from first contact with the 
Sidestream dark field microscope (+ image acquisition 
stabilizer) on the bowel serosa until there was a stable 
enough image to start recording. Mean ± SD.
Abbreviations: SDF: sidestream dark field. IAS: image 
acquisition stabilizer.
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Discussion

In this study, we redeveloped and validated an IAS for SDF imaging during microvascular 
assessment of the bowel serosa in open gastrointestinal surgery. We showed that the 
SDF device in combination with the IAS resulted in a higher success rate of attempted 
measurements, performed in less time and resulting in better-quality images and in 
less pixel loss due to improved image stability. The negative pressure from the IAS 
onto the serosa had no effect on the microcirculation, and, in addition, no damage to 
the serosa was seen in any patient. In a previous feasibility study, we validated the use 
of the SDF on the bowel serosa, but the results suggested the need for an IAS. Although 
the microcirculatory anatomy could clearly be visualized and the indices for diffusion 
and convexity known from sublingual assessment were reported, there were significant 
axial and lateral stability problems. This resulted in pressure artifacts and image drift, 
which, in some cases, even made it impossible to obtain stable video clips suitable for 
image analysis. The weight of the SDF device (± 0.5 kg), manual image adjustments on 
the device, bowel peristalsis and conduction of the movement by respiration and heart 
activity through the intestinal passage were main contributing factors to decreased 
image stability and impaired image acquisition (5). These image stability problems were 
also reported by Balestra et al. (7) and Lindert et al. (8) in the sublingual use of SDF 
imaging or its predecessor, orthogonal polarization spectral imaging. Both research 
groups developed an IAS for sublingual use. Balestra et al. (7) developed an IAS device 
that consisted of a hollow, stainless-steel ring which was designed to fit snugly around 
a disposable plastic cap that covers the video probe. This design results in minimal 
surface pressure and avoids occlusion of the microcirculation by creating a small 
amount of space between the lens cap, IAS and surface area. Consequently, the force 
required to induce a pressure artifact is increased. The use of the IAS was validated by 
both groups, showing no effects of peripheral negative pressure on microcirculatory 
perfusion with the SDF in combination with an IAS.

Balestra et al. (7) also looked at image stability, image drift and the period of time for 
which a steady image could be maintained. They tested these parameters and reported 
significantly better stability during lung recruitment maneuvers, which are comparable 
with bowel movements and the conduction of movement by respiration and heart 
activity through the intestinal passage. The time required to obtain a stable image 
sequence was similar with or without the IAS, but the duration of maintaining that 
stable image sequence was significantly increased with the IAS. In this study, we looked 
at 3 parameters for the effectiveness of the IAS in solving stability problems and thereby 
the inability to obtain images in 13% of the measurements. No effect was seen on the 
microcirculation during single-spot measurements with/without the application of 
negative pressure. Furthermore, no effect of negative pressure was seen on the scored 
microcirculatory parameters when comparing the SDF and SDF + IAS groups. We did 
see a decline in MFI above an accidental negative pressure of 500 mm Hg, but no 
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damage of the serosa was seen at this pressure. Stability was measured as the number 
of pixels lost in the automated analysis software. This was done to get an image suitable 
for analysis and was also used by Balestra et al. (7); it is an excellent tool to express 
the stability of the SDF in combination with the IAS. Above a certain loss of pixels, the 
software renders the image instable for analysis, thus ultimately declaring the 
measurement not successful. Unfortunately, the AVA 3.2 software does not detect this 
image drift during measurements and the image stability has to be assessed by the 
individual acquiring the SDF images. This makes the time required to achieve a stable 
image more or less user-dependent as there is no signal in the recording software 
showing when the image is stable enough for analysis. In this study, we found a 
significantly shorter time to get a stable image with the SDF + IAS, in contrast to Balestra 
et al. (7), but we did not look at a prolonged measurement as they did.
The purpose of microcirculatory assessment during gastrointestinal surgery is to get 
a thorough insight into the microcirculatory status of the bowel, e.g. for anastomotic 
healing, but the assessment should not delay the surgical procedure. A minimum of 
time was required to take successful measurements. Therefore, the technique of 
assessing image stability was different from that of Balestra et al. (7) The possibility of 
assessing bowel microcirculatory status with SDF imaging in future research or clinical 
use relies heavily on the quality and stability of the images. In this study, we showed 
that the IAS improved both axial and lateral stability, increased the success rate of the 
attempted measurements up to 100%, shortened the time needed for image acquisition 
and improved the quality of the images for analysis. This makes SDF imaging in 
combination with an IAS a promising technique for future bowel microvascular 
research, especially with regard to anastomotic healing.

Conclusions

We validated the use of SDF imaging in combination with the IAS for improving in vivo 
microscopy of the serosa during open gastrointestinal surgery. The IAS improves the 
success rate of attempted images and enhances image stability by decreasing image 
drift and shortening the time to obtain stable images. Negative pressure during the 
use of IAS is not associated with changes in parameters of red blood cell velocity or 
capillary density.
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Abstract

Introduction
In clinical practice blood pressure is used as a goal of resuscitation on a daily basis with 
the aim of maintaining adequate perfusion and oxygen delivery to the target organs. 
Compromised perfusion is often mentioned as a key factor in the pathophysiology of 
anastomotic leakage. The aim of this study was to assess to which extent the 
microcirculation of the bowel coheres with blood pressure during abdominal surgery.

Methods
We performed a prospective observational cohort study. In patients undergoing 
abdominal surgery the serosal microcirculation of either the small intestine or the 
colon was visualized with handheld vital microscopy (HVM). From the acquired HVM 
image sequences red blood cell velocity (RBCv) and total vessel density (TVD) were 
calculated using MicroTools and AVA software respectively. The association between 
microcirculatory parameters and blood pressure was assessed with a Pearson 
correlation test. We considered a two-sided p value of < 0.05 to be statistically 
significant.  

Results
In 28 patients, undergoing abdominal surgery, a total of 76 HVM images were analyzed. 
The RBCv was 335 µm/s ± 96 and the TVD was 13.7 mm/mm2 ± 3.4. Mean arterial 
pressure was 71 mmHg ± 12 during imaging of the microcirculation. Mean arterial 
pressure was not correlated to RBCv (Pearson r = -0.049, p =0 .80) or TVD (Pearson r = 
0.31, p = 0.11).

Conclusion
In 28 patients undergoing abdominal surgery we found no association between the 
serosal intestinal microcirculation and blood pressure. 



Intestinal microcirculation and blood pressure

31

3

Introduction

Perioperative optimization of hemodynamics reduces surgical mortality and morbidity 
(1). In addition, inadequate blood flow is often mentioned as an important factor in the 
occurrence of anastomotic leakage. As intraoperative disturbances in anastomotic 
perfusion have been associated with this feared complication after abdominal surgery 
(2). In clinical practice, systemic parameters such as blood pressure are used as goals of 
resuscitation under the assumption to maintain tissue oxygenation in the target organs. 
However, to which extent blood pressure adequately represents microcirculatory 
perfusion of the intestine during surgery remains to be elucidated.  Hemodynamic 
coherence between the macrocirculation and microcirculation can be lost in states of 
shock (3). After major abdominal surgery a lowered sublingual microcirculation was 
found to be associated with post-operative complications, while no differences in blood 
pressure was found (4). Additionally, in septic patients, correlation between systemic 
hemodynamic variables and the intestinal microcirculation was absent (5). Handheld 
vital microscopy (HVM) is a technique which directly visualizes erythrocytes, and therefore 
the microcirculation. It is a noninvasive device which images a region of interest upon 
direct contact to a tissue surface and has been shown feasibly in imaging the serosa of 
the intestine during surgery (6). The association between blood pressure and the 
sublingual microcirculation has been previously studied (3). However, studies examining 
the association between blood pressure and the intestinal microcirculation during 
abdominal surgery are lacking. Therefore, our goal was to study the coherence between 
intestinal microcirculation as visualized with HVM and blood pressure during abdominal 
surgery. We hypothesized that, during abdominal surgery, the intestinal microcirculation, 
as assessed with HVM, shows a positive correlation to mean arterial pressure (MAP).

Methods

Study design
A prospective observational cohort study (clintrials.gov identifier: NCT02688946) was 
performed at the St. Antonius Hospital, Nieuwegein, the Netherlands. The study was 
conducted in accordance with the principles of the declaration of Helsinki and study 
protocol was approved by local and institutional ethics committees. Patients above 18 
years of age planned for open gastrointestinal surgery or laparoscopic surgery with 
externalization of the bowel were eligible for inclusion.  All patients gave written 
informed consent.  Data from subgroups from this cohort has been previously 
published (6–10). In the present study, all patients in which the intestinal serosal 
microcirculation was visualized with Incident Dark Field imaging were included. The 
primary endpoint of this study was the correlation of microcirculatory parameters with 
blood pressure. Secondary endpoints were the correlation of microcirculatory 
parameters with cardiac index (CI), central venous pressure (CVP), the use of crystalloids 
and vasoactive agents.
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Surgery and anesthesia
Surgery and anesthesia were conducted in accordance with standard clinical practice. 
For induction of general anesthesia fentanyl (3 µg/kg), propofol (2 mg/kg) and 
atracurium (0.4 mg/kg) were used, followed by continuous propofol infusion or 
sevoflurane. Heart rate was registered every minute from the electrocardiogram. In 
patients where continuous invasive blood pressure monitoring and Flo-trac/Vigileo® 
system (Edwards Lifesciences, USA) was used, CI and stroke volume variation (SVV) 
were automatically recorded each minute. In other patients, systolic blood pressure 
(SBP) and MAP were monitored non-invasively. CVP was recorded in patients with an 
internal jugular central venous catheter. Targets for macrohemodynamics and 
therapeutic interventions to achieve these targets were according to insight of the 
attending anesthesiologist. 

Image acquisition and study procedure
HVM is a technique, which uses light of a wavelength that is absorbed by hemoglobin 
in the erythrocytes. It directly visualizes erythrocytes as dark globules moving in the 
microcirculation. It is an handheld device which can be used noninvasively by making 
contact with a tissue surface. In this study the Cytocam®-incident dark field imaging 
device (Braedius, Huizen, the Netherlands) was used. Figure 1 displays HVM during 
surgery. Video 1 is an HVM image sequence of the intestinal serosa. Imaging procedure 
has been previously described and was in accordance with international consensus 
(7,8,10,11). HVM was performed by two trained researchers, with one handling the 
microscope itself in sterile conditions and one researcher operating the computer. 
Images were included after assessment of stability, focus, illumination and pressure 
artefact which can be identified by a lack of flow in venules and veins. In addition, all 
images were re-assessed during offline analysis. In all patients one bowel site was 
imaged. Per bowel site tree unique image sequences, of at least five seconds each (25 
frames per second), were recorded. During open procedures images were acquired at 
the start of surgery. After induction of anesthesia and laparotomy, a period of at least 
fifteen minutes was taken for hemodynamic monitoring and stabilization before HVM 
imaging. In laparoscopic surgery imaging is only possible when the bowel is externalized 
through a Pfannenstiel incision, as direct access to the bowel is required for HMV 
imaging Images were acquired after the surgeon had macroscopically assessed bowel 
perfusion of this colonic limb.

Data collection
Patient characteristics, including age, sex, body mass index (BMI), comorbidities were 
retrieved from patients’ medical records. Parameters recorded during surgery were 
retrieved from operative reports and included type of surgery, SBP, MAP, heart rate, 
CI, SVV, CVP, the use of vasopressors agents and volume of crystalloids administered.  
Hemodynamic parameters were recorded simultaneously with HVM imaging.
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Data analysis
Analysis of acquired HVM images was done in accordance with guidelines, while blinded 
for patient and measurement characteristics and in random order of images(11,12).  
Images of inadequate quality were excluded from analysis. Images were analysed and 
stabilized using AVA 3.2 software. After manually identifying vessels the total vessel 
density (TVD) was calculated as the total length of vessels per per surface area (mm/
mm2). Absolute red blood cell velocity (RBCv), was automatically calculated with the 
use of MicroTools (Active Medical BV, Leiden, the Netherlands) (13,14).  RBCv provides 
information about the convective capacity of the microcirculation. While the TVD gives 
information about diffusion of the microcirculation. For microcirculatory parameters 
the average of all videos per measurement was calculated. For each patient one 
measurement was included in the analysis. Values presented for microcirculatory 
parameters are for small vessels (diameter < 20 µm). 

Statistical analysis
IBM SPSS 23.0 was used for statistical analysis. To test for correlation the Pearson 
correlation test was used for normal distributed parameters and Spearman rank test 
for parameters which were not normally distributed. Normal distribution of parameters 
was visually assessed. Values are presented as either median (IQR) or as mean  

Figure 1 The use of handheld vital microscopy during surgery 
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± standard deviation based on normality of distribution. In a subgroup analysis, patients 
were grouped based on the use of noradrenaline. To examine for differences between 
groups, a student’s t-test was performed. We considered a two-sided p value of < 0.05 
to be statistically significant.  

Results

Study population
Thirty-one patients were enrolled in the study of which 28 were included in the analysis. 
In one patient, no images were acquired because surgery was discontinued because 
of peritoneal metastasis. Two other patients were excluded because only measurements 
of a primary anastomosis were performed, but no baseline values were recorded. A 
total of 84 unique HVM image sequences were acquired during surgery. After off-line 
assessment of image illumination, focus, duration, stability and the absence of pressure 
artefact eight images were excluded. Resulting in the inclusion of 76 Unique HVM image 
sequences. In 21 patients the small intestine was visualized and in seven patients the 
colon. Patient characteristics are presented in Table 1. Table 2 shows intraoperative 
factors during HVM. 

Primary endpoint
The MAP during HVM was 71 mmHg ±12, ranging from 55 to 106 mmHg. The RBCv was 
335 µm/s ± 96, ranging from 176 to 596 µm/s and the TVD was 13.7 mm/mm2 ± 3.4 
ranging from 7.6 to 21.0 mm/mm2. Figure 2 displays the correlation between blood 
pressure and microcirculatory parameters.  Both RBCv and TVD of the intestinal 
microcirculation were not significantly correlated to blood pressure. For the correlation 
between RBCv and MAP we found a Pearson r = - 0.049, p = 0.80. For TVD and MAP the 
Pearson r was 0.31, p = 0.11.

Secondary endpoints
The CVP was available in 15 patients. The CI was calculated in 18 patients. Values of 
the parameters are presented in Table 2. The CI, which expresses flow on a systemic 
level showed no significant association with RBCv with a Pearson r of 0.11, p = 0.66. 
The CVP, which could indicate a state of fluid overload and therefore tissue oedema, 
showed no association with TVD.    Volume of crystalloids administered prior to imaging 
also had no significant correlation with microcirculatory parameters with a Spearman 
r = –0.13, p = 0.52 for TVD and r = 0.33, p = 0.089 for RBCv. Seven patients received 
noradrenaline during HVM with a mean dosage of 0.2 mg/hour ± 0.15. Microcirculatory 
parameters did not significantly differ between patients receiving noradrenaline and 
patients without noradrenaline. With a RBCv of 328 um/s ± 101 in patients with 
noradrenaline compared to a RBCv of 336 um/s ± 97, p = 0.85 and a TVD of 15.8 mm/
mm2 ± 3.6 versus 13.0 mm/mm2 ± 3.2, p = 0.06.
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Figure 2 The correlation between the intestinal microcirculation and macrohemodynamic parameters 
A: Correlation between red blood cell velocity and mean arterial pressure (n = 28). B: Correlation between red 
blood cell velocity and cardiac index (n = 18) C: Correlation between total vessel density and mean arterial 
pressure (n = 28) D: correlation between total vessel density and cardiac index (n = 18).

Table 1 Study Population, n = 28

Parameter Value

Age (years) 63 ± 12

Women (n,%) 13 (46%)

BMI (kg/m2) 26 ± 3.4

Diabetes Mellitus type 2 (n,%) 6 (21%)

Hypertension (n,%) 5 (18%)

COPD (n,%) 3 (11%)

History of myocardial infarct (n,%) 2 (7%)

Smoker (n,%) 7 (25%)

Preoperative Hemoglobin (mmol/l) 8.3 ± 1.0

Type of surgery 

Pancreatic (n,%) 9 (32%)

HIPEC  (n,%) 9 (32%)

Colorectal (n,%) 7 (25%)

Other (n,%) 3 (11%)

Open surgery (n,%) 22 (79%)

Values are presented as mean ± standard deviation or mean (percentage), unless otherwise indicated. 
Abbreviations: BMI: Body mass index, COPD: chronic obstructive pulmonary disease, HIPEC : Hyperthermic 
intraperitoneal chemotherapy. 

A
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In 21 patients the small intestine was imaged. In these patients blood pressure was 
monitored invasively. In this group both RBCv (r = - 0.114, p = 0.62) and TVD ( r= 0.165, 
p = 0.47) were not correlated to MAP.  

Discussion

We studied the serosal microcirculation of the intestine during abdominal surgery in 
28 patients with the use of handheld vital microscopy. We found that, both red blood 
cell velocity and total vessel density were not associated with blood pressure. During 
surgery, blood pressure is one of the fundamental measurables on which hemodynamic 
management is build. As monitoring of perfusion and oxygenation in target organs is 
not fully available in standard clinical practice. However, the microcirculation does not 
always follow systemic variables. Which has been described for the sublingual 
microcirculation during aortic surgery (15). Additionally, after major abdominal surgery 
a lowered sublingual microcirculation was found to be associated with post-operative 
complications, while the MAP did not differ in these patients (4). However, other 
systemic variables, such as cardiac index or stroke volume, may be more closely 
associated with microcirculatory flow than blood pressure. As has been described for 
the sublingual microcirculation during major abdominal surgery (16). Patients with a 
preload dependence were given a fluid challenge. After this fluid challenge both 
microvascular flow and stroke volume improved, while MAP and heart rate remained 
unaltered (16) We found the CI to show no correlation with microcirculatory parameters, 

Table 2 Intraoperative factors during handheld vital microscopy

Parameter Value 

Systolic blood pressure (mmHg) 105 ± 19

Mean arterial pressure (mmHg) 71 ± 12

Heart rate (beats/min) 69 ± 10

Cardiac index (L/min/m2), n = 18 2.4 ± 0.5

Stroke volume variaton (%), n = 18 9 ± 5

Central venous pressure (mmHg), n = 15 9 ± 4

SaO2 (%) 99 ± 2

Temperature (degree Celcius) 36.2 ± 0.5

Volume of crystalloids administered prior to imaging (L) 1.1 (0.74 – 1.5)

Thoracic epidural anesthesia (n,%) 11 (39%)

Noradrenaline (n,%) 7 (25%)

Values are presented as mean ± standard deviation or median (interquartile range; IQR). n= 28, unless otherwise 
indicated. 
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although this parameter was only available in 18 patients. The lack of coherence 
between the microcirculation and both blood pressure and CI has been reported in 
an animal model of abdominal surgery. In Pigs, systemic blood pressure was increased 
from a MAP of 60 mmHg to 75 mmHg with norepinephrine. This lead to an increase 
in CI, however intestinal microvascular flow remained constant (17). As our study was 
conducted in patients undergoing elective surgery, perfusion parameters were mostly 
within normal values as were macrohemodynamic variables. While coherence with 
blood pressure and the impact of therapeutic interventions could be different in the 
postoperative setting or in patients in shock. In abnormal hemodynamic states, such 
as ischemia or hypertension, the microcirculation could display a different correlation 
to macrohemodynamics than we found here. It is also of importance to take into 
account inter patient variability, as optimal blood pressure may differ between patients. 
Herein may lie a future clinical use of HVM to aid anesthesiologists, surgeons and other 
perioperative physicians in optimizing individual patient care. As this device could 
potentially be used intraoperatively to determine an optimal blood pressure at which 
microcirculatory function of the intestine is preserved. Which could then be used as a 
goal for individualized perioperative hemodynamic management. However, for this to 
be implemented in clinical care, intraoperative microcirculatory parameters will have 
to be linked to clinical outcome. For now, it remains uncertain at which values of RBCv 
or TVD viability of the bowel is compromised and postoperative complications are 
more likely to occur. In addition, we imaged both the small intestine and the colon, 
while the microcirculation may behave in a different manner in these parts of the 
gastrointestinal tract.  Another, clinical use of HVM could be in assessing anastomotic 
perfusion during abdominal surgery, as perioperative disturbances in perfusion have 
been associated with anastomotic leakage (2). In prior studies, during colorectal 
surgery, we found a compromised serosal perfusion at the planned anastomosis, 
however, none of these patients developed anastomotic leakage (9,10).  One 
explanation could be that while the perfusion is lowered, oxygenation is still adequate. 
As has been reported for the rectal microcirculation after cardiac surgery (18). 

Conclusion 

In 28 patients undergoing abdominal surgery we found no association between the 
serosal intestinal microcirculation, as visualized with HVM, and blood pressure.
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Abstract

Background
The effect of thoracic epidural analgesia (TEA) on splanchnic blood flow during 
abdominal surgery remains unclear. The purpose of this study was to examine whether 
the hemodynamic effects of TEA resulted in microcirculatory alterations to the intestinal 
serosa, which was visualized using incident dark field (IDF) videomicroscopy.

Methods
An observational cohort study was performed. In 18 patients, the microcirculation of 
the intestinal serosa was visualized with IDF. Microcirculatory and hemodynamic 
measurements were performed prior to (T1) and after administering a bolus of 
levobupivacaine (T2). If correction of blood pressure was indicated, a third measurement 
was performed (T3). The following microcirculatory parameters were calculated: 
microvascular flow index (MFI), proportion of perfused vessels (PPV), perfused vessel 
density (PVD) and total vessel density (TVD). Data are presented as median [IQR].

Results
Mean arterial pressure decreased from 73 mmHg (68-83) at T1 to 63 mmHg (± 11) at 
T2 (p = 0.001), with a systolic blood pressure of 114 mmHg (98-128) and 87 (81-97) 
respectively (p = 0.001). The microcirculatory parameters of the bowel serosa, however, 
were unaltered. In seven patients, blood pressure was corrected to baseline values 
from a MAP of 56 mmHg (55-57), while microcirculatory parameters remained constant.

Conclusion
We examined the effects of TEA on the intestinal serosal microcirculation during 
abdominal surgery using IDF imaging for the first time in patients. Regardless of a 
marked decrease in hemodynamics, microcirculatory parameters of the bowel serosa 
were not significantly affected.
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Introduction

Thoracic epidural analgesia (TEA) has been shown to provide excellent postoperative 
pain relief after abdominal surgery (1).  Consequently, it is commonly used as a part 
of enhanced recovery after surgery protocols (2). However, the effect of TEA on the 
splanchnic microcirculation, is yet to be elucidated. Sympathetic efferent nerves 
originating from T5-T11 innervate the celiac, superior and inferior mesenteric gangli (3). 
By the blockade of these nerve fibres, TEA induces peripheral vasodilation of the 
splanchnic circulation, which could therefore improve perfusion in the abdominal 
organs. However, this decrease in systemic vascular resistance can also induce arterial 
hypotension and thus potentially lower perfusion pressure. Preservation of the 
intestinal microcirculation can be of great clinical importance. Compromised tissue 
perfusion has been proposed as a key factor in the pathophysiology of anastomotic 
leakage after gastrointestinal surgery (4,5). Logically, the effect of TEA on splanchnic 
microcirculation has generated much interest in recent years. However, prior studies 
in this field show heterogeneous results (3,6,7). Sidestream dark-field imaging is a 
non-invasive hand-held videomicroscope which is able to directly visualize 
microcirculation. This technique has mainly been used to assess the microcirculation 
sublingually in a large variety of disease states (8–10). Recently, this technique has been 
shown to be feasible in visualizing serosal microcirculation of the bowel during 
gastrointestinal surgery (11). In addition, a next-generation device, the CytoCam 
incident dark-field (IDF) imaging microscope has become available (12). We hypothesized 
that TEA, by means of vasodilatation, increases microcirculatory perfusion of the serosa 
of the human bowel. To test this hypothesis, we conducted an observational cohort 
study. 

Methods 

A prospective single-centre observational cohort study was performed at St. Antonius 
Hospital in Nieuwegein, the Netherlands. The study was approved by local and 
institutional ethics committees and registered with clintrials.gov (identifier: 
NCT02688946). Twenty-one patients were enrolled after written informed consent was 
obtained. The aim of this study was to assess the influence of TEA on the serosal 
microcirculation of the human intestine during abdominal surgery. Patients aged ≥ 18 
years undergoing elective open gastrointestinal surgery were eligible for study 
participation. The following exclusion criteria were upheld: atrial fibrillation, left 
ventricular ejection fraction ≤ 30%, serious pulmonary disease (resting SpO2 < 90% at 
room air), renal failure (clearance < 30 ml/min as calculated using the Modification of 
Diet in Renal Disease formula) and liver failure. 
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Surgery and anaesthesia
Surgery and anaesthesia were performed according to standard clinical practice. Before 
general anaesthesia, the epidural catheter was inserted by the attending 
anaesthesiologist at thoracic level Th6–Th12. A test dose of 3 ml lidocaine 2% was 
administered.  Induction of general anaesthesia was achieved with fentanyl (3 µg/kg), 
propofol (2 mg/kg) and atracurium (0.4–0.5 mg/kg), followed by total intravenous 
anaesthesia (TIVA) using propofol and remifentanil or a volatile anaesthetic agent 
(sevoflurane). Continuous invasive blood pressure monitoring was performed by means 
of a radial artery catheter and a Flo-trac/Vigileo system (Edwards Lifesciences, USA). 
Cardiac index (CI) and stroke volume variation (SVV) were automatically recorded in 
time intervals of 1 minute. In order to verify correct placement of the epidural catheter, 
the usage of intravenous opioids and block height was assessed bilaterally with cold 
temperature by the attending anaesthesiologist after surgery. Patients with no sensory 
block were excluded from final analysis.

Image acquisition and study procedure 
The CytoCam-IDF (Braedius, Huizen, the Netherlands) was used to visualize the serosal 
microcirculation. This non-invasive handheld microscope visualizes an area of 
approximately 1.55 × 1.16 mm2 (12). An image acquisition stabilizer was used, applying 
a negative pressure of 100 ± 20 mmHg (13). Images were stored with CytoCam Tools 
(Braedius, Huizen, the Netherlands). Imaging with the CytoCam-IDF was performed on 
a predefined part of the small intestine, 20 cm distal to the ligament of Treitz (Figure 
1). After induction of anaesthesia and laparotomy, hemodynamic monitoring was 
performed for a period of at least 15 minutes, after which the intestinal microcirculation 
was visualized at the following time points.  T1: baseline, after which TEA was started 
by means of a bolus of 5–10 ml 0.25–0.5% levobupivacaine, followed by continuous 
infusion of bupivacaine 0.125% combined with sufentanyl (1 microgr/ml). T2: 15 
minutes after the bolus TEA had been administrated. T3: If correction of blood pressure 
was performed, a third series of images was recorded.

Data collection
Age, sex, body mass index (BMI), American Society of Anesthesiologists classification, 
comorbidities, hemoglobin and haematocrit were retrieved from patients’ medical 
records. Type of surgery, systolic blood pressure (SBP), mean arterial pressure (MAP), 
CI, SVV, Central venous pressure (CVP) heart rate and rhythm, fluids given and the use 
of vasopressors or inotropic agents were retrieved from operative reports. Incident 
dark field images were acquired by trained researchers in a previously described 
standardized manner  and according to international consensus (11,14). At each time 
point, three to five unique 10-second videos, assessed to be of high quality in focus 
and stability, were recorded.
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Data analysis
Images were exported as AVI files. Video 1 shows an IDF video. Image processing and 
analysis were performed in random order of images, according to previously published 
guidelines using AVA 3.2 software (MicroVision Medical, Amsterdam, the Netherlands) 
(14–16). The researcher (qualified and trained at the Microcirculation Academy, 
Academic Medical Center, Amsterdam, the Netherlands) was blinded for patient 
characteristics and measurement time point during analysis. Images of unacceptable 
quality were excluded. The following microcirculatory parameters were calculated 
microvascular flow index (MFI), proportion of perfused vessels (PPV), total vessel density 
(TVD), perfused vessel density (PVD) and the heterogeneity index (HI) (14).  The MFI 
and PPV express perfusion. The TVD and PVD provide information about diffusion 
distances. Data presented are values for small vessels (diameter < 20 µm). The primary 
end points were the MFI, PPV, TVD and PVD of the serosal microcirculation. 

Statistical analysis
Data were analysed with IBM SPSS 23.0. The Wilcoxon signed-rank test was used for 
all variables. Variables that were collected at three timepoints were tested with the 
Friedman test. Results are reported as median and interquartile ranges (IQR) unless 
indicated otherwise. A two-sided p-value of < 0.05 was considered to be statistically 
significant.

Figure 1 Incident dark-field imaging of the microcirculation of the intestine during surgery
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Results 

Study population
Twenty-one patients were enrolled, of which three patients were excluded. In one 
patient, no IDF images were obtained because surgery was discontinued owing to a 
liver metastasis. In one patient, no IDF images could be obtained at T2 due to an 
inability to achieve adequate focus. In one patient, failure of epidural analgesia was 
determined postoperatively as no sensory block was present and a patient-controlled 
analgesia pump with morphine was started. Of the remaining 18 patients, IDF 
recordings were performed at baseline and after a bolus of epidural analgesia had 
been administered. In seven of these patients, the attending anaesthesiologist found 
it necessary to correct blood pressure to baseline levels, after which a third IDF 
measurement was performed. Ten patients (56%) were female, the mean age was 63 
years (± 12.7) and the mean BMI was 26.2 kg/m2 (± 3.8). Prevalent comorbidities were 
hypertension, requiring at least one antihypertensive agent n = 2 (11%), chronic 
obstructive pulmonary disease n = 3 (17%) and diabetes mellitus type II n = 4 (22%). 
Preoperatively, haemoglobin and haematocrit were 8.4 mmol/l (± 0.7) and 41% (± 3) 
respectively. Nine patients (50%) had a laparotomy for hyperthermic intraperitoneal 
chemotherapy, eight (44%) underwent open pancreatic surgery and one (6%) had a 
laparotomy to remove an enterocutaneous fistula.  

Hemodynamic variables and microcirculatory parameters
After the bolus of epidural analgesia MAP decreased from 73 mmHg (68-83) at T1 to 
60 mmHg (56-65) at T2 (p = 0.001) with a SBP of 114 mmHg (98-128) and 87 (81-97) 
respectively (p = 0.001). The Vigileo-flowtrac device, which was set up in 17 out of 18 
patients, calculated a significant change in SVV and CI after TEA had been initiated. SVV 
increased from 7.9% (6.1-11.3) to 11.7% (8.6-16.5) (p < 0.001) and CI decreased from 
2.6 (2.2-2.8) to 2.2 (1.9-2.5) (p = 0.017). Heart rate was comparable at T1 and T2 [73 
bpm (64-79) at T1 and 66 bpm (59-73) at T2] (p = 0.078), as was CVP [9 mmHg (6-11) 
versus 8 mmHg (7-11)] (p = 0.308). Total volume of fluids administered prior to T1 was 
1250 ml (675-1513). In five patients, 5 mg of ephedrine was given before T2 and the 
volume of crystalloids provided between T1 and T2 was 293 ml (231-463). Time between 
bolus of TEA and T2 was 23 min (20-27).  Microcirculatory parameters at T1 and T2 are 
presented in Figure 2. Neither perfusion nor diffusion parameters changed significantly 
after a bolus of levobupivacaine had been administered. Nor did the HI, (0.00 (0.00-
0.00) versus 0.00 (0.00-0.00) (p = 1.00).  In 11 patients (61%), correction of blood 
pressure was not indicated (subgroup A). In the remaining seven patients (39%), the 
attending anaesthesiologist found it necessary to increase macrohemodynamics, after 
which a third IDF measurement was performed (subgroup B). Hemodynamic variables 
for these groups are presented in Table 1. Microcirculatory parameters for previously 
described subgroups are presented in Table 2. In group B, no significant changes in 
microcirculatory parameters were observed at T1, T2 or T3. In Group A, PPV significantly 
improved from T1 to T2. 
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Figure 2 Microcirculatory parameters of the small intestine serosa before (T1) and after (T2) administration of 
a bolus of epidural anaesthesia in 18 patients.
T1: baseline, T2: after initiation of epidural anaesthesia. Abbreviations: AU: arbitrary units, MFI: microcirculatory 
flow index n.s.: non-significant, PPV: percentage of perfused vessels, PVD: perfused vessel density, TVD: total 
vessel density.

Table 1 Hemodynamic and operative variables in subgroups in which blood pressure was not corrected 
(subgroup A, n = 11) and in which blood pressure was corrected (subgroup B, n = 7)

Parameter Subgroup T1 T2 T3 p-value

SBP, mmHg A 100 (98-127) 89 (85-99) - 0.03

B 116 (100-137) 81 (74-86) 124 (107-134) 0.004

MAP, mmHg A 68 (68-84) 63 (60-69) - 0.05

B 73 (71-83) 56 (55-57) 77 (70-80) 0.002

Heart rate, beats/min A 71 (60-75) 60 (56-68) - 0.05

B 76 (71-83) 71 (63-86) 67 (65-83) 0.9

SVV, % A 7.5 (4.4-12) 9.6 (6.0-15) - 0.004

B 9.7 (7.2-12) 14 (11-19) 10 (8.2-11) 0.01

CVP, mmHg A 8 (6-10) 8 (5-10) - 0.3

B 11 (7-15) 11 (8-13) 11 (9-12) 0.8

Volume of crystalloids, ml A 1000 (600-1,550) 1470 (970-1900) - 0.003

B 1360 (750-1500) 1645 (930-2,025) 1695 (1,055-2,200) 0.001

Values are presented as median (interquartile range, IQR). T1: baseline, T2: after initiation of epidural 
anaesthesia, T3: after correction of blood pressure. Abbreviations: CI: cardiac index, CVP: central venous 
pressure, MAP: mean arterial pressure, SBP: systolic blood pressure, SVV: stroke volume variation.
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Discussion

To our knowledge, this is the first study to directly visualize the effects of TEA on the 
serosal microcirculation of the human small intestine. Our main finding is that 
regardless of a marked decrease in blood pressure, after initiation of TEA by 
administering a bolus of levobupivacaine, microcirculatory parameters were 
unchanged. Variables of convection and diffusion distances within the serosal bowel 
wall also remained constant after this decline in blood pressure was corrected with 
fluid replacement and inotropic therapy. Prior studies on the effects of TEA on the 
splanchnic circulation were inconclusive (3,6). In animal studies, TEA has been shown 
to increase microvascular perfusion of the ileal mucosa in healthy rats as well as in 
rats in sepsis, with acute pancreatitis or during haemorrhage (17–20). In humans, TEA 
has also been shown to improve postoperative blood flow of the gastric mucosa during 
esophagostomy and improve the pCO2 gradient of the gastric mucosa in patients with 
peritonitis (21). Contrastingly, in another animal study, gastric mucosal haemoglobin 
oxygenation was worsened by TEA during a state of compromised circulation (22). In 
other human studies, a decline in SBP following a bolus of TEA resulted in a decrease 
in blood flow through the superior mesenteric artery, the inferior mesenteric artery 
and the serosal surface of the sigmoid (23). Which only recovered with the use of 
intoropic agents (23,24). A similar effect of TEA on perfusion of the perianastomotic 
gastric tube has been reported during esophagectomy (25,26). In another study,  a 
decrease in gastric perfusion during esophagectomy appeared to be more strongly 
associated to surgery than to TEA (27). However, in these studies only the quantity of 
blood flow was measured, while in our study the quality of the microcirculation was 
examined by visualizing the capillary network and its perfusion. Comparing these 
results therefore poses a challenge. Several studies are in line with our results. After 

Table 2 Microcirculatory parameters in subgroups in which blood pressure was not corrected (subgroup A, n 
= 11) and in which blood pressure was corrected (subgroup B, n = 7). 

Parameter Subgroup T1 T2 T3 p-value

MFI, AU A 3.00 (2.75–3.00) 3.00 (2.83–3.00) - 0.074

B 3.00 (3.00–3.00) 3.00 (2.75–3.00) 3.00 (2.88–3.00) 0.93

PPV, % A 94 (91-97) 99 (97-100) - 0.016

B 95 (90-98) 94 (87-98) 94 (88-97) 0.87

TVD, mm/mm2 A 14.5 (12.9-17.2) 13.6 (12.5-17.2) - 0.60

B 14.8 (10.4-16.2) 12.8 (10.7-13.5) 11.8 (10.9-15.7) 0.65

PVD, mm/mm2 A 14.0 (10.5-16.0) 13.2 (12.1-17.2) - 1.0

B 13.8 (10.2-14.1) 11.5 (9.7-12.7) 10.9 (9.7-15.4) 0.18

Values are presented as median (IQR). T1: baseline, T2: after initiation of epidural anaesthesia, T3: after 
correction of blood pressure. Abbreviations: MFI: microcirculatory flow index, PPV: proportion of perfused 
vessels, PVD: perfused vessel density, TVD: total vessel density. 
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examining mucosal perfusion with pCO2 and pH measurements of the sigmoid during 
surgery, no difference was found between patients with or without TEA (28). In an 
experiment performed on pigs, epidural anaesthesia was associated with an evident 
decline in arterial blood pressure. Nevertheless, perfusion of the intestinal serosa and 
mucosa was unaltered (29).  In a study examining the microcirculation of the vaginal 
wall, TEA lead to a decrease in SBP. However, no difference in capillary density or blood 
flow was detected (30). When performing microcirculatory research with dark-field 
imaging devices, avoidance of pressure artefact is of crucial importance. Although 
pressure artefacts can regularly be recognized by the trained investigator, the possibility 
of either unfairly including or discarding an image remains. Several limitations of this 
study are worth noting. First, we examined the jejunum, but not other parts of the 
gastrointestinal tract such as the stomach, ileum and the colon and because an incision 
of the bowel wall is required to perform IDF recordings on the mucosal surface, only 
images of the serosal surface were acquired. It remains unclear precisely how blood 
flow is distributed within the intestinal wall. Mucosal and serosal microcirculation may 
not always be evenly influenced by a decline in blood flow (31–33). However, even with 
a transient decline in mucosal pH, serosal blood flow has been reported to be most 
predictive of colon viability (32). Second, we only assessed the direct effects of TEA 
during surgery. It is conceivable that bowel microperfusion in the postoperative period 
differs from our study setting and that it is of equal importance for the patient. Third, 
as this was an observational study, different interventions, for instance fluid and 
inotropic therapy, were performed in between IDF measurements. This may potentially 
have influenced the microcirculatory status of study participants. However, it could 
also be argued that our study setting thus best reflects the clinical setting in which 
hypotension after TEA manifests itself and is treated. Lastly, we did not perform a 
sample size calculation, resulting in the possibility of having an underpowered study 
population. Epidural analgesia has an important place in postoperative care within 
enhanced recovery-after-surgery programs, as it provides excellent pain relief (1,2). 
Yet it is not univocally implemented in guidelines for care after abdominal surgery (34). 
This may be partly because of concerns towards hypotensive periods and their effects 
on anastomotic healing, as these have been negatively associated (35). Clinically, 
however, TEA appears to not influence anastomotic leak rates (1). Taking into account 
the limitations of our study, our results suggest that TEA does not have consequences 
for intestinal microcirculatory perfusion. Hypotension in our study was contained to a 
MAP of 56 mmHg (55-57). Possibly, microvascular flow was preserved through 
autoregulatory mechanisms within the bowel wall (36). Should systemic hemodynamic 
conditions be allowed to worsen beyond the range of autoregulation, tissue oxygenation 
may indeed become impaired.
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Conclusion

We examined the effects of TEA on the microcirculation of intestinal serosa during 
abdominal surgery. Notwithstanding a marked decrease in blood pressure, 
microcirculatory parameters were unaltered.
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Abstract

Introduction
Recognition of a non-viable bowel during colorectal surgery is a challenging task for 
surgeons. Identifying the turning point in serosal microcirculatory deterioration leading 
up to a non-viable bowel is crucial. The aim of the present study was to determine 
whether sidestream darkfield (SDF) imaging can detect subtle changes in serosal 
microcirculation of the sigmoid after vascular transection during colorectal surgery.

Methods
A prospective observational clinical study was performed at a single medical centre. 
All eligible participants underwent laparoscopic sigmoid resection and measurements 
were taken during the extra-abdominal phase. Microcirculation was measured at the 
transected bowel and 20 cm proximal to this point. Microcirculatory parameters such 
as Microvascular Flow Index (MFI), proportion of perfused vessels (PPV), perfused vessel 
density (PVD), total vessel density (TVD) and the Heterogeneity Index were determined. 
Data are presented as median (interquartile range) or mean ± standard deviation.

Results
A total of 60 SDF images were acquired for 10 patients. Perfusion parameters and 
perfused vessel density were significantly lower at the transected bowel compared 
with the non-transected measurements [MFI 2.29 (1.96–2.63) vs 2.96 (2.73–3.00), 
p = 0.007; PPV 74% (55–83) vs 94% (86–97), p = 0.007; and PVD 7.61 ± 2.99 mm/mm2 
versus 10.67 ± 1.48 mm/mm2, p = 0.009]. Total vessel density was similar between the 
measurement locations.

Conclusions
SDF imaging can identify changes of the bowel serosal microcirculation. Significantly 
lower serosal microcirculatory parameters of the vascular transected bowel was seen 
compared with the non-transected bowel. The ability of SDF imaging to detect subtle 
differences holds promise for future research on microvascular cut-off values leading 
to a non-viable bowel
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Introduction

In recent years, bowel microvascular imaging has garnered interest in gastrointestinal 
surgery and anastomotic healing research. It is believed that impaired bowel 
microcirculation and inadequate tissue oxygenation is detrimental to anastomotic 
healing (1–4). Several devices and non-invasive techniques have been studied, but with 
limited applicability for individual patient care. Most devices and techniques have the 
potential to identify groups of patients at risk of anastomotic leakage, in which 
microvascular involvement is thought to play a role. However, the techniques either 
are difficult to implement in daily practice, display wide inter-individual variation, or 
lack sufficient accuracy to be useful in clinical practice (5). Newer techniques, including 
laser speckle contrast imaging and indocyanine green near-infrared (NIR) angiography 
have been shown to hold out promise for the assessment of bowel microperfusion, 
but they lack real visualisation of the microvasculature (6–8). 

Sidestream dark field (SDF) imaging is a non-invasive method to visualise the 
microcirculation and assess its function and anatomy. In contrast to other methods, 
SDF imaging allows one to visually assess subtle changes in microvessel architecture, 
flow and functionality (9). Recently our research group showed that SDF imaging in 
combination with an image acquisition stabiliser is feasible and reliable for visualising 
serosal microcirculation of the bowel during gastrointestinal surgery (10,11). In the 
present study, we investigated whether SDF imaging can detect differences in bowel 
serosal microvascular parameters of convexity and diffusion during colorectal surgery. 
We hypothesised that a statistically lower measured bowel serosal microcirculation is 
present at the planned proximal transection line compared to the descending colon, 
which has not undergone mesenteric and vascular dissection in laparoscopic sigmoid 
resection. To this end, an observational feasibility study was conducted to observe 
bowel serosal microcirculation during colorectal surgery, using SDF imaging. If SDF 
imaging can detect subtle changes in serosal microcirculation future research will be 
aimed at identifying a critical microvascular deterioration point in colorectal surgery 
leading to a non-viable bowel and anastomotic leakage or stoma necrosis.

Methods

Setting and patient selection
A prospective observational clinical study was performed at a single medical centre 
(ClinicalTrials.gov Identifier: NCT02688946). The primary hypothesis was that 
microvascular perfusion would be significantly different at the transection side of the 
bowel compared to the undissected proximal part. The eligible participants were 
patients more than 18 years of age and who were undergoing elective laparoscopic 
sigmoid resection. Exclusion criteria were: atrial fibrillation, left ventricular ejection 
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fraction < 30%, renal or liver failure and pulmonary hypertension. During laparoscopic 
sigmoid resection, the bowel is externalised for resection of the diseased part of the 
sigmoid (tumour or diverticulosis) and for anastomotic preparation. At this point the 
bowel is available for SDF imaging and measurements can be made in a standardised 
manner for each patient. This study was performed at a tertiary teaching hospital (St 
Antonius Hospital, Nieuwegein, the Netherlands) after approval from the united 
medical ethics committees (NL48332.100.14/R14.005). All patients gave their written 
informed consent as per the applicable laws.

Imaging technique and image stability with an image acquisition stabiliser
SDF imaging is performed by a handheld device that illuminates an area of interest, 
with a central light guide surrounded by concentrically placed light-emitting diodes 
(Figure 1). If the wavelength within the hemoglobin absorption spectrum is chosen, 
erythrocytes will appear dark and leucocytes may be visible as refringent bodies. The 
vessel walls themselves are not visualised directly, although faint contours can be 
identified depending on the presence of intravascular erythrocytes. The lens system 
in the light guide core is optically isolated from the illuminating outer ring, thus 
preventing tissue surface reflections from entering the centre of the light guide. We 
used SDF combined with an image acquisition stabiliser (IAS) to optimise image stability 
and to improve the success rate of image acquisition and image quality (11,12). As 
previously published by our research group, measurements taken without an IAS attain 
a success rate of 87%, and with an IAS they achieve 100% success. The IAS consists of 
a hollow stainless-steel cylinder which fits snugly around the tip of the disposable 
sterile cap of the SDF probe. The design of the IAS is such that it relieves the imaged 
tissue from pressure, without losing image focus, by leaving a 100-µm space between 
the tip of the SDF probe and the tissue. Negative pressure can be applied using a 
vacuum-source and pressure regulator (patient suction module, Flow-I®, Maquet, 
Rastatt, Germany), thereby applying negative pressure to the tissue surrounding the 
imaged area via 20 concave channels. To prevent fluids from reaching the vacuum 
regulator, a fluid trap (BactiClear® Antimicrobial Disposable Suction Liner 1000 ml, 
VacSax Limited, Plymouth, United Kingdom) is interposed between the IAS and the 
vacuum regulator. In accordance with previously published values (11–13), we used a 
negative pressure of 100 mmHg ± 20 mmHg. The SDF device is fitted with an analogue 
video camera. Acquired images were digitised by a separate analogue-to-digital 
convertor device for offline analysis (14,15). The SDF imaging device used in this study, 
the MicroScan® (MicroVision Medical, Amsterdam, the Netherlands) has European 
Conformity (CE) certification.

Protocol and image acquisition
All surgical procedures were performed in accordance with standard local protocols. 
All patient data were recorded automatically and continuously by a patient data-
management system (Metavision Suite version 5.46.44 hotfix 07). Anaesthesia-related 
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hypotension (≥ 20% decrease in mean arterial pressure [MAP] or MAP < 60 mmHg) was 
treated with fluids and/or vasopressors at the discretion of the attending 
anaesthesiologist. Once the patient had stable hemodynamic parameters, which was 
decided by the attending anaesthesiologist, SDF imaging was performed. Special care 
was taken to avoid pressure artefacts by adhering to the standard operating procedure 
described by Trzeciak et al. (16) and recommended at a roundtable conference (9). A 
laparoscopy camera cover was placed over the SDF imaging device to create a sterile 
work field for the serosal measurements. Furthermore, the sterile disposable lens 
cover was preheated to body temperature, secretions or blood on the bowel surface 
were removed with gauze, and isotonic saline was applied at the surface of interest.

During the laparoscopic sigmoid resection, the following steps were performed intra-
abdominally. Firstly, the abdomen was explored and the ureter and gonadal vessels 
were identified. Secondly, the mesocolon was opened medially and the inferior 
mesenteric artery was ligated. If possible, the left colic artery was preserved. Then the 
lateral attachments of the descending colon were transected. Subsequently, the splenic 
flexure was mobilised; thereafter, the bowel was mobilised distal to the diseased part 
of the sigmoid (tumour or diverticuliculosis) and was transected by stapling. Thereupon, 
the bowel was externalised through a Pfannenstiel incision.

Figure 1 The handheld device used for sidestream dark field imaging (photograph provided through the 
courtesy of microvision medical).
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The following steps and measurements were performed extracorporeally, as shown 
in Figure 2. Firstly, visual assessment of bowel perfusion produced a planned 
transection line proximal to the diseased sigmoid. Secondly, at this location, the 
mesocolon was ligated perpendicular to the bowel and precisely inbetween two vasa 
recta. To verify arterial perfusion, a small incision was made in the mesocolon 
approximately 8 cm medial to the bowel and approximately 4 cm distal to the planned 
transection line. After this, macroscopic verification of arterial blood flow and 
microvascular recordings through SDF imaging were performed. In each patient, two 
bowel sites were measured with the SDF microscope: (1) a measurement of the 
descending colon approximately 20 cm proximal to the planned proximal transection 
line, and (2) a measurement directly proximal to the planned transection line (the distal 
end of the descending bowel loop). After stapling of the colon and extraction of the 
sigmoid, surgery was continued laparoscopically. A primary anastomosis was then 
created using a circular stapler, introduced through the anus. Image acquisition with 
the SDF imaging device included three good quality and stable visual recordings per 
area of interest. These were stored under a random number and the locations of all 
measurements were noted. The images were analysed offline using the AVA 3.2 
software program (Microvision Medical, Amsterdam, the Netherlands). Images were 
randomised for offline analysis to prevent coupling between images.

Figure 2 Extra-abdominal phase and measurements: the bowel is externalized through a Pfannenstiel incision. 
Visual assessment of bowel perfusion for a planned transection line proximal to the tumour specimen. At 
this location, the mesocolon is ligated perpendicular to the bowel and precisely in between two vasa recta. 
Microvascular recording with sidestream dark field imaging is performed. Two bowel sites are measured; (1) a 
measurement of the descending colon approximately 20 cm proximal to the planned transection line and (2) 
directly proximal to the planned transection line.
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Quantifying microcircuation
Quantification of SDF images was performed in accordance with international guidelines 
[9]. Video clips were directly saved as digital AVI-DV files to a hard drive of a personal 
computer using an analogue-to-digital converter (Canopus, Kobe, Japan) and the 
freeware program WinDV (http://windv.mourek.cz). Optical magnification of 5x was 
used, producing images that represented approximately 0.94 mm × 0.75 mm of tissue 
surface. Microvascular Flow Index (MFI), proportion of perfused vessels (PPV), perfused 
vessel density (PVD) and total vessel density (TVD) were determined for every patient, 
according to the guidelines [9]. The semi-quantitative MFI is based on the determination 
of the predominant type of flow (no flow = 0, intermittent = 1, sluggish = 2, 
continuous = 3) in four quadrants. The MFI value is the sum of these scores divided by 
the number of scored quadrants. To determine the heterogeneity of flow at a certain 
bowel site, we calculated the Heterogeneity Index (HI) as the highest MFI value minus 
the lowest MFI value, divided by the mean MFI of the images recorded at that site (9,16). 
The image analysis has been described in detail elsewhere (17). Each score was 
determined for small microvessels with a cut-off diameter of 25 µm. For each area of 
interest, three video files were recorded, and the scored indices were averaged to yield 
a single value for each of MFI, PPV, TVD and PVD per area of interest and per time point.

Statistical analysiss
Data were analysed with IBM SPSS 22.0. For the comparison of perfusion parameters 
(MFI, PPV and HI) which do not show a normal distribution, the Wilcoxon signed-rank 
test was used. The paired t test was performed to compare the parameters that have 
normal distributions. The results are reported as the median and interquartile ranges 
(IQR) for perfusion parameters, and as the mean ± standard deviation (SD) for other 
parameters unless otherwise indicated. A p value of less than 0.05 (two-tailed) was 
considered to be statistically significant.

Results

A consecutive series of 14 patients were screened and considered eligible, but 2 
patients withheld their consent and thus 12 patients were enrolled in the study. For 
one patient, recording of the microcirculation could not be completed because of 
technical problems with the battery of the SDF device. Another patient’s recordings 
were excluded from the analysis owing to a negative pressure of up to 700 mmHg, 
which gave rise to pressure artefacts. All patients were operated on by the same 
surgeon (AS). The final sample consisted of ten patients, whose characteristics are 
shown in Table 1. All patients were categorised as American society of anaesthesiologists’ 
(ASA) classification of physical health II or less and none of them underwent 
radiotherapy or chemotherapy. Mobilisation of the splenic flexure was achieved in 
every case. The inferior mesenteric artery was ligated distal to the left colic artery in 8 
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(80%) cases, and proximal to the left colic artery in 2 (20%) patients. All patients 
underwent arterial perfusion verification before microvascular measurements were 
taken, as described in the method section, and they all showed pulsatile blood flow. 
In all patients, a side-to-end anastomosis was created. The mean duration of surgery 
was 120 min (± 38 min), and the mean blood loss during surgery was 62 ml (± 89 ml). 
There were no intraoperative complications. The mean recording time for three images 
was 167 s (± 69 s).  During the postoperative follow-up of 30 days, no anastomotic 
leakage occurred. The MFI and PPV measurements were both significantly lower at the 
distal transection line compared with the proximal descending colon (Figure 3;  
Table 2). As a result of the PPV and TVD, the PVD was also significantly lower at the 
transection line. The HI was 0.05 (IQR 0.00–0.18) for the descending colon compared 
with 0.40 (IQR 0.33–0.56) at the level of transection, indicating a significantly increased 
flow heterogeneity (p = 0.008). See video 1 for an example of a typical microcirculation 
at transection line and proximal colon.

Table 1 Patient characteristics (n = 10)

Parameter Value

Male 7 (70%)

Age, years 65 ± 8.1

Body Mass Index, kg/m2 27.8 ± 4.5

Chronic obstructive pulmonary disease, n 1

Hypertension, n 4

Diabetes mellitus type II, n 1

Colorectal cancer, n 8

Diverticulitis, n 2

Hemoglobin, mmol/l 9.2 ± 0.6

Hematocrit, % 43 ± 2

Heart rate, bpm 61 ± 5

Systolic arterial pressure, mmHg 93 ± 9

Diastolic arterial pressure, mmHg 50 ± 6

Mean arterial pressure, mmHg 65 ± 5

Values are presented as mean ± SD, percentage or as numbers
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Figure 3 Difference in microcirculatory parameters, microcirculatory flow Index (a), proportion of perfused 
vessels (b), total vessel density (c), perfused vessel density (d), and the heterogeneity index (e), between two 
measurement locations; (1) descending colon, 20 cm proximal to the planned transection line and (2) directly 
proximal to the planned transection line. Data points represent individual patients. 
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Discussion

Surgeons still rely solely on their hands and eyes to assess the perfusion and viability 
of the bowel. They do this by looking at the colour of the serosa as well as bowel 
peristalsis, pulsation and bleeding from the marginal arteries. Unfortunately, as shown 
by Karliczak et al. [18], clinical risk assessment by surgeons has a very low predictive 
value for anastomotic leakage in gastrointestinal surgery. Several devices and 
technologies have been investigated to aid surgeons and some of these show promising 
results. However, they appear difficult to implement in daily practice, display large 
inter-individual variation in measurements, or are not accurate enough to be useful in 
clinical practice [5]. Surprisingly there is still no gold standard or device to adequately 
assess bowel and anastomotic viability during surgery (5,18–21).

In this study, we used SDF imaging to assess microvascular serosal blood flow during 
laparoscopic sigmoid resection. The results show that SDF-derived microvascular 
perfusion parameters (MFI, PPV and HI) differ significantly at the transection line 
compared with the non-dissected descending colon. These observations support the 
idea that variations in serosal blood flow occur during colorectal surgery and are a 
potential risk factor for anastomotic and bowel viability. Various risk factors associated 
with anastomotic leakage have been identified (22,23), and perfusion seems to play a 
crucial role in anastomotic healing because decreased blood flow is associated with 
anastomotic leakage (2,4,19–23) In animal studies, devascularisation of 2 cm of colon 
resulted in a significant decrease in blood flow compared with devascularisation of 
0.5 cm of colon (32.2% versus 66.4%), measured by laser Doppler (19). Furthermore, 
a decline in microperfusion is detectable, and the odds of anastomotic leakage increase 
with progressive reduction in measured microperfusion (21). Translating this knowledge 
to SDF imaging is not yet possible, because the normal ranges and critical cut-off point 
for the SDF perfusion parameters MFI and PPV during colorectal surgery are unknown. 
In our previous study on the feasibility of serosal SDF imaging and validation of an 
image acquisition stabiliser, we found a normal MFI > 2.9 and PPV > 95% during 

Table 2 Microcirculatory measurements

Parameter Descending colon Transection line p value

MFI, AU 2.96 (2.73–3.00) 2.29 (1.96–2.63) 0.007

PPV, % 94 (86–97) 74 (55–83) 0.007

TVD, mm/mm2 12.02 ± 1.8 11.36 ± 1.54 0.3

PVD, mm/mm2 10.67 ± 1.48 7.61 ± 2.99 0.009

HI, AU 0.05 (0.00–0.18) 0.40 (0.33–0.56) 0.008

Values are presented as: mean ± standard deviation or median (interquartile range). Abbreviations: AU: arbitrary 
units, HI: Heterogeneity Index,  MFI: Microvascular Flow Index, TVD: total vessel density, PPV: proportion of 
perfused vessels, PVD: perfused vessels density. 
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gastrointestinal surgery. In septic patients, an MFI < 2.6 and increased HI > 0.31 have 
been shown to be an expression of dysfunctional microcirculation and are associated 
with a poor prognosis (24,25). The mean MFI of 2.29, PPV of 74% and the increase in 
HI at the planned transection line in this study may indicate that lower cut-off points 
for compromised bowel microcirculation exist, because there were no patients with 
anastomotic leakage. The TVD was comparable between both measurement locations. 
However, vessel density by itself is not correlated with anastomotic leakage (20); the 
lower PVD values are probably of more relevance, as this expresses lower functional 
vessel density. Previous studies and our current results indicate that not all vascular 
abnormalities necessarily lead to anastomotic leakage. At this point full real-time 
automatic analysis of the serosal microcirculation by the SDF device is not yet possible, 
but the MFI is a semi-quantitative score on the visual determination of the predominant 
type of flow in four quadrants by the user. Thus this can be done real-time and is a 
significant parameter in this study. At this point software for real-time automatic 
analysis is being developed by several companies, but must be validated for serosal 
use. The lower reported perfusion in the present study was not identified 
macroscopically, as pulsations and bleeding of marginal arteries occurred at the 
planned transection line in all patients. The same mechanism was described by Jafari 
et al. (6,7), who used NIR angiography with intravenous indocyanine green for bowel 
perfusion assessment and by Atallah et al. who first described the endoscopic 
assessment of the blood flow which is widely practiced today (26). Under normal white 
light the bowel visually appeared normally perfused, but the same bowel visualised 
with NIR showed hypoperfusion. In recent studies using this technique for visualising 
perfusion of the planned site of the anastomosis, the surgical plan was changed in 
13–19% of the patients, resulting in lower anastomotic leak rates than those in the 
control group and reported in the literature (27,28)  A possible problem when using 
NIR indocyanine fluorescence angiography (ICG) is that the dye can reach the 
boundaries of ischemic areas by capillary flow diffusion over time, and therefore the 
perfused zone may be overestimated. Real-time NIR ICG has an advantage over SDF 
imaging in that it is feasible for both open and laparoscopic surgery, without the need 
for direct contact with the bowel serosa (29). Another new device with promising 
potential for gastrointestinal microcirculatory research is laser speckle contrast 
imaging, which has been shown to detect watershed perfusion defects, but unlike ICG 
it can also detect a gradual decline in perfusion (8). However, only SDF imaging provides 
information on how many vessels are perfused, the quality of the flow, and whether 
non-perfused areas exist adjacent to the well-perfused area within the same zone. 
Although no parameters currently exist for venous flow and return, this factor can be 
studied with SDF imaging because venules are visualised. This feature might be 
important considering that not all lower values in “inflow parameters” lead to 
anastomotic leakage. Obstruction of venous outflow may lead to microcirculatory 
hindrance and ultimately after a certain time to an inflow obstruction. 
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Several limitations of this study should be acknowledged. First, observation of the 
microcirculation was limited to the serosal surface to prevent unnecessary fecal spill 
of the bowel. However, the mucosal and serosal microcirculation might not always be 
evenly influenced by a decline in blood flow (30–32). Imaging of the mucosal surface 
is possible with an SDF microscope (33), but to this end surgical penetration of the 
bowel would be necessary. One other possible limitation is that the bowel being 
assessed is under tension or pressure, given that it has been partially extracted through 
a Pfannenstiel incision, as this could affect vascularity. However, this does not invalidate 
the significant differences in microvascular blood flow within the same bowel section. 
Second, a disadvantage of this study and of SDF imaging in general is that no 
microvascular information on the distal end of the anastomosis, the rectal stump, 
currently exists. For SDF imaging—or any new device or technique—to be of diagnostic 
use in microvascular assessment, the method should be reliable and reproducible. It 
must also display a high specificity and sensitivity for detecting microvascular 
impairment, leading to cut-off points for microvascular impairment. SDF imaging has 
the potential to overcome these difficulties, to be of practical use and be cost effective. 
With this study we showed it can detect significant differences in microcirculation which 
can lead to cut-off points for impairment. The production of a laparoscopic camera 
which will give access to the intra-abdominal bowel during laparoscopy is technically 
possible. The price of the device itself is approximately 20,000 euros, the camera is 
reusable, the reusable image acquisition stabiliser is approximately 2000 euros and 
the sterile disposable sleeves 5 euros.

Conclusions

During laparoscopic sigmoid resection, microcirculatory assessment by SDF imaging 
shows that serosal microcirculatory blood flow at the transection line is significantly 
lower than that of the non-dissected descending colon. The ability of SDF imaging to 
detect these differences makes this technique promising for future colorectal 
anastomotic research. Whether serosal flow abnormalities might be involved in the 
complex aetiology of anastomotic leakage remains to be clarified. Further studies are 
required to determine the clinical relevance of the present findings with SDF imaging.
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Abstract

Introduction
Intestinal blood flow is often named as a key factor in the pathophysiology of 
anastomotic leakage. The distribution between mucosal and serosal micro perfusion 
during surgery remains to be elucidated. The aim of this study was to assess if the 
mucosal microcirculation of the intestine is more vulnerable to a surgical hit than the 
serosal microcirculation during surgery.

Methods
In an observational cohort study (n = 9 patients), the microcirculation of the bowel 
serosa and mucosa was visualized with incident dark field imaging during surgery. At 
the planned anastomosis, the following microcirculatory parameters were determined: 
microvascular flow index (MFI), percentage of perfused vessels (PPV), perfused vessel 
density (PVD) and total vessel density (TVD). Data are presented as median (IQR).

Results
Perfusion parameters and vessel density where significantly higher for the mucosa 
than the serosal microcirculation at the planned site for anastomosis or stoma. Mucosal 
MFI was 3.00 (3.00-3.00) compared to a serosal MFI of 2.75 (2.21-2.94), p = 0.03. The 
PPV was 99% (98-100) versus 92% (66-94), p = 0.01. The TVD was 16.77 mm/mm2 (13.04-
18.01) versus 10.42 mm/mm2 (9.36-11.81), p = 0.01. And the PVD was 15.44 mm/mm2 
(13.04-17.78) versus 9.02 mm/mm2 (6.43-9.43), p = 0.01

Conclusion
The mucosal microcirculation was preserved, while lower perfusion of the serosa was 
found at the planned anastomosis or stoma during surgery. Further research is needed 
to link our observations to the clinically relevant endpoint of anastomotic leakage.
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Introduction

Anastomotic leakage (AL) remains a dreaded complication following gastrointestinal 
surgery. With reported incidence rates of 5% - 19% for colorectal surgery (1). Patients 
with AL have higher short-term morbidity and hospital mortality rates together with 
worse long-term survival and a higher rate of local recurrence and distant metastasis 
(2,3). Multiple risk factors have been identified, yet the occurrence of AL remains 
unpredictable (1). A factor that is often mentioned in the pathogenesis of AL is bowel 
perfusion, because a decreased blood flow has been associated with AL (4–8). However, 
the detection of insufficient perfusion during surgery remains challenging. 

Hand-held vital microscopes (HVMs) can directly visualize red blood cells and thus the 
microcirculation. These devices have been used to assess the microcirculation in a 
wide variety of disease states, including the serosal microcirculation of the bowel during 
gastrointestinal surgery and mucosal surface of stoma’s in the intensive care unit (9–
11). In a prior study performed by our research group we found the serosal 
microperfusion to be decreased at the planned site for anastomosis during surgery 
(12). The correlation with the mucosal microcirculation was not investigated.

It has been proposed that the mucosa of the gut is more vulnerable to hypoperfusion 
than the serosa. As a result of the vascular arrangement in the villi and its countercurrent 
exchange. However, the distribution between mucosal and serosal blood flow during 
a compromised state of perfusion and its association with AL have yet to be elucidated. 
The aim of this study was to investigate the serosal and mucosal microcirculation at 
the planned site for anastomosis or stoma. We hypothesized that the mucosal 
microcirculation is more vulnerable to a surgical hit than the serosal microcirculation 
during gastrointestinal surgery. To test this hypothesis an observational study was 
conducted. We used Incident Dark Field (IDF) imaging, a third generation HVM, to 
directly visualize the serosal and mucosal microcirculation during abdominal surgery.

Methods

Study design
We conducted a single-centre observational study at the St. Antonius Hospital, 
Nieuwegein, The Netherlands. The study protocol was approved by local and 
institutional ethics committees and is registered with clintrials.gov (identifier: 
NCT02688946). Patients above 18 years of age scheduled for open gastrointestinal 
surgery or laparoscopic colorectal surgery with externalization of the bowel, who gave 
written informed consent to participate in this study, were eligible for inclusion. 
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Surgery and Anesthesia
Surgery and anesthesia were conducted in accordance with standard clinical practice. 
Surgery was performed by multiple surgeons. Induction of general anesthesia was 
achieved with fentanyl (3 mcg/kg), propofol (2 mg/kg) and atracurium (0.4-0.5 mg/kg) 
and was maintained by sevoflurane. Patients received thoracic epidural anesthesia. 
During surgery, systolic blood pressure (SBP) and mean arterial pressure (MAP) were 
monitored non-invasively with a three-minute interval. Heart rate was registered every 
minute from the electrocardiogram. Surgical procedure for laparoscopic sigmoidectomy 
or low anterior resection was as previously described (12). In these procedures the 
descending colon and sigmoid were mobilized and transected laparoscopically. 
Whereafter, the bowel was externalized through a Pfannenstiel incision. The surgeon 
macroscopically assessed the perfusion of the bowel and provided a planned site for 
either a primary anastomosis or stoma. This was done prior to imaging with IDF and 
was therefore unaffected by the acquired images. For creation of the anastomosis a 
side-to-end technique was used.

Baseline and surgery
Baseline patient characteristics, including age, Body Mass Index (BMI), American Society 
of Anesthesiologists (ASA) classification, comorbidities, preoperative haemoglobin and 
hematocrit were retrieved from medical records. Type of surgery and hemodynamic 
parameters during IDF imaging were extracted from operative reports. The occurrence 
of anastomotic leakage within 90 days after surgery was extracted from patients’ 
medical records.

Incident dark field imaging and study procedure
The microcirculation of the bowel was visualized using CytoCam-IDF (Braedius, 
Huizen, the Netherlands) and an image acquisition stabilizer (13). This hand-held 
non-invasive technique visualizes the microcirculation in an area of approximately 
1.55 × 1.16 mm (14). Figure 1 displays still images from videos obtained with the 
CytoCam-IDF during surgery. Images were recorded by two trained surgeons in a 
previously described standardized manner (9). In a consensus statement for 
sublingual microcirculatory assessment a minimum of three images per imaging site 
is advised (15). However, as mucosal images are even more challenging to obtain 
during surgery, all patients were included for whom at least one unique video of high 
quality of focus and stability was recorded. Imaging was done after the surgeon had 
assessed bowel perfusion and marked a planned site for the anastomosis or stoma. 
Since a side-to-end anastomosis was created the bowel surface was imaged a few 
centimetres proximal to the distal transection line. For laparoscopic procedures this 
was done after the intestine had been externalized through a Pfannenstiel incision.  
Two series of IDF images were acquired; first videos were recorded at the serosal 
surface at the planned anastomosis or stoma, directly followed by imaging of the 
mucosal surface at this spot. As direct contact with bowel surface is required the 
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mucosal images were recorded through the incision made for the anastomosis. Video 
1 shows an IDF image of the serosa and mucosa of the sigmoid colon acquired in 
this study. 

Data analysis
Data were analyzed according to previously published guidelines and consensus 
statement (15,16). The acquired images were manually analyzed off-line with AVA 3.2 
software. The researcher (qualified and trained at the Microcirculation Academy, 
Academic Medical Centre, Amsterdam, The Netherlands) analyzed the videos 
randomized and blinded for patient characteristics and imaging location. For each 
parameter the average of all videos at each imaging site was used. The following 
microcirculatory parameters were calculated, the microvascular flow index (MFI), 
percentage of perfused vessels (PPV), total vessel density (TVD), perfused vessel density 
(PVD) and the heterogeneity index (HI). The MFI and PPV are considered to express 
perfusion, while TVD and PVD express diffusion distances. In a compromised state of 
perfusion heterogeneity tends to increase (15). Data presented are values for small 
vessels (diameter < 20 µm). The primary endpoints were the MFI and PPV of the mucosa 
and the serosa, with secondary endpoints being the TVD, PVD and HI.

Figure 1 Incident dark field imaging of the microcirculation of the intestine during surgery (A). A still from an 
incident dark field video of the intestinal microcirculation of the serosa (B) and mucosa (C). The area visualized 
is approximately 1.55 × 1.16 mm2.
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Statistical analysis
Data were analyzed with IBM SPSS 23.0. Wilcoxon signed-rank test was used for all 
variables. Data are reported as median and interquartile ranges (IQR). A two-sided p-value 
of < 0.05 was upheld as a cut-off for statistical significance. We did not perform a sample 
size calculation, but comparable study population sizes have been used in prior literature 
(12,17,18).  In addition, we performed a subgroup analysis based on type of surgery.

Results

Study population
Ten patients were eligible. In one patient imaging of the mucosa was not possible as 
the bowel incision was too small for the imaging probe to pass through. This patient 
was excluded. Patient characteristics are presented in Table 1. Two patients had 
hypertension one patient had diabetes mellitus type II, one patient had a history of 
myocardial infarction and three patients had a history of smoking.

Surgery and anesthesia
Seven patients underwent laparoscopic surgery and two patients had an open 
procedure. Hemoglobin, determined one day prior to surgery, was 8.5 mmol/l (8.2-8.9) 
and the median haematocrit was 0.42 (0.39-0.42). The volume of crystalloids 
administered prior to imaging was 1000 ml (675-1875). Five patients (56%) received 
ephedrine before, and one patient (11%) noradrenaline (0.2 mg/hour) during recording. 
Hemodynamic variables were stable during imaging with the following values at start 
of recording; an SBP of 97 mmHg (88-133), a MAP of 66 mmHg (60-75) and a heart rate 
of 62 bpm (59-70) During the follow-up period of 90 days no anastomotic leakage 
occurred.

IDF imaging
Three images were obtained of the serosa for eight out of nine patients. In the remaining 
patient, two images were obtained. For imaging of the mucosal micro circulation, three 
images were acquired for four patients, two images were acquired for two patients and 
one image was acquired for the remaining patient.  Microcirculatory parameters are 
presented in Figure 2. Perfusion parameters and vessel density were significantly higher 
for the mucosa in comparison to the serosal microcirculation at the planned site for an 
anastomosis or stoma. The mucosal MFI was 3.00 (3.00-3.00) compared to a serosal 
MFI of 2.75 (2.21-2.94), p = 0.03. The PPV was 99% (98-100) versus 92% (66-94), p = 0.01. 
The TVD was 16.77 mm/mm2 (13.04-18.01) versus 10.42 mm/mm2 (9.36-11.81), p = 0.01. 
And the PVD was 15.44 mm/mm2 (13.04-17.78) versus 9.02 mm/mm2 (6.43-9.43), p = 
0.01. The HI did not significantly differ between mucosa and serosa with a HI of 0.00 
(0.00-0.00) for the mucosa versus a HI of 0.12 (0.05-0.42) for the serosa, p = 0.07. Six 
patients underwent laparoscopic surgery and three patients underwent open surgery. 
Microcirculatory parameters for these subgroups are presented in Table 2.
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Discussion

We examined the gastrointestinal serosal and mucosal microcirculation during surgery 
using IDF imaging. The serosal perfusion was partially compromised at the site for a 
primary anastomosis or stoma. Contrastingly, the mucosal circulation at this bowel 
site was not compromised. Our results suggest that, when perfusion is compromised 
by a surgical hit, the serosa can be partly compromised while perfusion of the mucosa 
remains preserved. The observed difference in vessel density between both vascular 
compartments may additionally be explained by differences in vascular anatomy. 
Serosal perfusion at the planned anastomosis appeared to be more compromised in 
patients undergoing laparoscopic colorectal surgery than in patients undergoing open 
surgery. Microcirculatory parameters for the serosa are in line with our previous work 
in which we found perfusion to be lowered at the planned anastomosis during 
laparoscopic colorectal surgery (12). This may partially be explained by laparoscopic 
surgical factors. In the aforementioned study the serosal surface 10-15 centimeters 
proximal to the anastomosis showed normal perfusion suggesting that surgical 
dissection towards the anastomosis plays a significant role (10,12).  

To the best of our knowledge this is the first study to directly visualize the micro-
circulation of the human gut mucosa during surgery with the use of an HVM. Differences 
between mucosal and serosal perfusion have been reported in animal studies (19–21). 

Table 1 Patient characteristics (n = 9)

Patient Sex 
(M/F)

Age 
(years)

BMI 
(kg/m2)

ASA 
classification 
(I-IV)

Disease Surgery* Primary 
anastomosis

1 M 79 26 II Colorectal 
cancer

Open 
sigmoidectomy

No

2 M 71 28 II Colorectal 
cancer

Low anterior 
resection

Yes

3 M 63 21 II Colorectal 
cancer

Low anterior 
resection

Yes

4 F 63 24 II Colorectal 
cancer

Open colostomy 
reversal

Yes

5 F 54 26 II Colorectal 
cancer

Sigmoidectomy Yes

6 M 67 25 II Colorectal 
cancer

Sigmoidectomy Yes

7 M 45 23 II Morbus 
Crohn

Open ileum 
resection

Yes

8 M 63 25 II Colorectal 
cancer

Sigmoidectomy Yes

9 F 61 25 II Diverticulitis Sigmoidectomy Yes

* Laparoscopic unless indicated otherwise. Abbreviations: ASA = American Society of Anesthesiologists, BMI = 
Body Mass Index, F = Female, M = Male. 
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Figure 2 Microcirculatory parameters of the intestinal serosa and mucosa at the planned site of anastomosis 
or stoma in nine patients during surgery
26 Serosal IDF images and 15 mucosal images were analyzed. Abbreviations: MFI: microcirculatory flow index, 
PPV: percentage of perfused vessels, PVD: perfused vessel density, TVD: total vessel density.

Table 2 Microcirculatory parameters in patients who underwent laparoscopic surgery (subgroup A, n = 6) and 
patients who underwent open surgery (subgroup B, n = 3). 

Parameter Subgroup Mucosa Serosa p-value*

MFI, AU A 3.00 (2.94-3.00) 2.46 (1.90-2.78) 0.046

B 3.00 (3.00–3.00) 3.00 (2.81–3.00) -

PPV, % A 99% (96-100) 77% (60-92) 0.028

B 100% (99-100), 95% (92-99) -

TVD, mm/mm2 A 17.29 mm/mm2 (16.44-18.95) 10.74 mm/mm2 (9.77-11.66) 0.028

B 12.41 mm/mm2 (12.30-13.67) 9.57 mm/mm2 (6.42-12.54) -

PVD, mm/mm2 A 17.10 mm/mm2 (15.43-18.68) 8.55 mm/mm2 (6.67-9.41) 0.028

B 12.41 mm/mm2 (12.22-13.67) 9.02 mm/mm2 (5.87-12.41) -

Values are presented as median (interquartile range, IQR). 
Abbreviations: MFI: microcirculatory flow index, PPV: percentage of perfused vessels, PVD: perfused vessel 
density, TVD: total vessel density. *For subgroup B no statistical analysis was performed due to group size.
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However, these studies were performed in a different setting than abdominal surgery 
and surrogate parameters for perfusion were used. In one study an endotoxemic shock 
was induced in sheep. After fluid resuscitation microvascular flow indexes of the 
intestinal serosa were restored while the mucosal intestinal microcirculation remained 
altered (19). Another study found that, after induction of ischemia reperfusion in pigs, 
microvascular oxygenation in the serosa was more compromised than the mucosa 
(20). 

The technique that we used, HVM, directly visualizes hemoglobin contained by red 
blood cells and thereby the microcirculation. Imaging takes approximately one minute 
per video (13). The MFI can be quickly scored and the TVD can reliably be estimated 
(22). Other parameters cannot be obtained during surgery due to an approximated 
20-minute analysis (23). Recently, an automated quantification of microcirculatory 
parameters, which takes only seconds, was shown feasible for sublingual 
microcirculation (23).  This could potentially open the door for the use of all 
microcirculatory parameters during surgery.  Two other techniques which may be used 
to assess anastomotic perfusion are indocyanine green fluorescence imaging and laser 
speckle contrast imaging (24,25). These techniques provide information about a larger 
area at once while HVM visualizes one region of interest per time. Moreover, 
fluorescence imaging can be performed during laparoscopic surgery. HVM directly 
images erythrocytes but does not measure oxygen saturation. However, it can provide 
information on quality of flow, vessel density and heterogeneity of perfusion within 
the same zone. 

Our study has several limitations. Firstly, the small sample size and the fact that no AL 
occurred denies the possibility of directly correlating our results to this important 
clinical outcome. Whether the reduction in serosal perfusion is clinically relevant, and 
if so, at which cut-off value, remains topic for further research. Secondly, because of 
practical reasons we only imaged at one point during surgery. Therefore, our results 
could not be compared to microcirculatory parameters of the bowel at the start of, or 
after surgery. Thirdly, imaging the mucosal microcirculation proved to be more 
challenging than visualizing the serosa. Therefore, not in all patients three images per 
measurement site were recorded. Lastly, we did not examine the stomach, duodenum 
or jejunum, while perfusion may differ at various parts of the gastrointestinal tract. 

Conclusion

We examined the microcirculation of the intestinal serosa and mucosa during 
abdominal surgery at the planned site for either a primary anastomosis or stoma. 
Although, the mucosal microcirculation was preserved, a lower perfusion of the serosa 
was found. Further research is needed to link our observations to the clinically relevant 
endpoint of anastomotic leakage.
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Electronic supplementary material

Handheld vital microscopy imaging sequences of the intestinal serosa and mucosa at 
the planned primary anastomosis during surgery: 

https://karger.figshare.com/articles/dataset/Supplementary_Material_for_Intestinal_
Mucosal_and_Serosal_Microcirculation_at_the_Planned_Anastomosis_during_
Abdominal_Surgery/11604489
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Abstract

Introduction
Anastomotic leakage is one of the most feared complications after gastrointestinal 
surgery. Assessment of anastomotic viability during surgery remains challenging. 
Sufficient bowel tissue perfusion is a requisite for anastomotic healing. Handheld vital 
microscopy (HVM) is a non-invasive technique that can directly visualize the intestinal 
microcirculation during surgery. 

Presentation of two cases
Two patients underwent elective laparoscopic colorectal surgery. During surgery HVM 
was used to assess bowel perfusion prior to creation of a primary anastomosis. 
Although the bowel macroscopically appeared to be well perfused, HVM showed a 
severely compromised microcirculation. The colon was re-internalized and during the 
following minutes cyanosis of the bowel occurred which was visually determined by 
the surgeon. After dissection towards cranially, a new site for the primary anastomosis 
was chosen. The postoperative period was uncomplicated.

Conclusion
Sufficient bowel tissue perfusion is often mentioned as key in the pathophysiology of 
anastomotic leakage. HVM is a technique that could potentially aid surgeons in the 
assessment of microcirculatory perfusion of the bowel during surgery. We report two 
cases undergoing colorectal surgery in which HVM showed merit in detecting 
compromised bowel perfusion before creation of a primary anastomosis.  
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Introduction

Anastomotic leakage (AL) is a feared complication after gastrointestinal surgery. 
Patients with AL have higher rates of morbidity and hospital mortality (1). Although 
risk factors for AL have been described, assessment of anastomotic viability during 
surgery remains challenging (2). Sufficient bowel tissue perfusion is a requisite for 
anastomotic healing. Techniques that can aid surgeons in the assessment of bowel 
perfusion during surgery could potentially aid in the quest to reduce AL.  Handheld 
vital microscopy (HVM) is a non-invasive technique that can directly visualize intestinal 
microcirculation during surgery (3,4). A prospective observational study, with the aim 
of visualizing and describing the human intestinal microcirculation during abdominal 
surgery, was conducted by our group (clinicaltrials.gov identifier: NCT02688946). 
From this cohort, we report two cases in which HVM showed merit in detecting 
compromised bowel perfusion before creation of a primary anastomosis during 
colorectal surgery.  

Case 1
A 47-year-old female without comorbidity presented at our hospital with complaints 
of pain in the epigastric area and weight loss. Colonoscopy revealed a tumor 25 cm 
proximal to the anal verge. Pathologic examination of biopsy showed a tubular 
adenoma with focal high grade dysplasia. Abdominal CT scan displayed a lesion in the 
sigmoid, no lymph nodes suspect for malignancy and no metastasis.  Patient underwent 
elective laparoscopic sigmoidectomy. Surgery and anesthesia were performed 
according to standard clinical practice. Patient received thoracic epidural analgesia. 
The following surgical steps were performed laparoscopically. After exploration of the 
abdomen and identification of the ureter and gonadal vessels, the mesocolon was 
opened. Subsequently, the inferior mesenteric artery was ligated, using a low tie 
technique with preservation of the left colic artery. Hereafter, the lateral attachments 
of the descending colon were transected and the splenic flexure mobilized.  Next the 
bowel was transected distal to tumor spotting, which was 25 cm from the anal verge. 
Hereafter, the colonic loop was externalized through a Pfannenstiel incision and 
subsequent extra-abdominal macroscopic assessment of bowel perfusion was 
performed. After visual inspection, blood flow in the proximal part of the bowel loop 
appeared adequate as the bowel had a vital pink color. Images of the serosal 
microcirculation were acquired after the surgeon had marked a planned line of 
transection and site for the primary anastomosis. Imaging of the serosal microcirculation 
was performed 20 cm proximal to the planned transection line, as displayed in Figure 
1, and showed severely compromised blood flow (Video 1). The colon was re-
internalized and during the following minutes cyanosis of the bowel occurred, as 
visually assessed by the surgeon. As a result, the bowel was dissected further towards 
macroscopic well perfused area. Again, the bowel was externalized through a 
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Pfannenstiel incision. Blood flow was assessed macroscopically by the surgeon. No 
further HVM recordings were performed. After insertion of the anvil in the colon loop, 
surgery was continued laparoscopically and a primary end side-to-end anastomosis 
was created using a circular stapler. The air leak test was negative. Patient was treated 
according to ERAS protocol after surgery and was discharged five days post procedure 
after an uncomplicated course. Pathology classified the tumor as pT1N0 sigmoid 
carcinoma. In follow up of 90 days no AL occurred.

Case 2
A 61–year-old male with no relevant medical history was referred to our hospital with 
rectal blood loss. Colonoscopy identified a tumor in the sigmoid. Pathologic examination 
revealed an adenocarcinoma. CT-abdomen showed a lesion suspect for malignancy in 
the sigmoid, one enlarged lymph node and no distant metastasis. Patient underwent 
elective laparoscopic sigmoidectomy. Surgery was performed as described in Case 1. 
After transection, approximately 40 cm from the anal verge, the bowel was externalized 
through a Pfannenstiel incision and extra abdominal assessment of bowel perfusion 

Figure 1 The use of handheld vital microscopy during surgery
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was performed. The surgeon marked a planned transection line, based on macroscopic 
assessment. Subsequently, the microcirculation was assessed with HVM 20 cm proximal 
to this line and showed a severely compromised perfusion.  The bowel was re-
internalized, and upon visual inspection by the surgeon the bowel was cyanotic. After 
dissection toward well perfused area the bowel was externalized and assessment of 
macroscopic perfusion was performed. Hereafter, HVM images were acquired 20 cm 
proximal to the new planned transection line and at the planned anastomosis (video 
2). This time HVM confirmed adequate blood flow. The anvil of a 31 mm circular stapler 
was inserted in the colonic stump and the colon loop re-internalized into the abdomen. 
After pneumoperitoneum was established, a primary side-to-end anastomosis was 
created. An air leak test was performed, which was negative.  The first four days 
following surgery were uncomplicated and the patient was discharged. Pathologic 
examination of biopsy classified a T4N2 malignancy. In a follow up period of 90 days 
no AL occurred.

Methods 

The patients gave written informed consent to participate in a cohort study (clintrials.
gov (identifier: NCT02688946), performed at the St. Antonius Hospital in Nieuwegein, 
the Netherlands for which approval was obtained from local and institutional ethics 
committees. The serosal microcirculation was visualized with Sidestream dark field 
imaging in case 1 and with Cytocam-IDF imaging (Braedius Medical, Huizen, The 
Netherlands) in case 2. An image acquisition stabilizer was used (5). Images were 
acquired by a trained researcher and according to international consensus, as 
recommended three unique HVM images were acquired per measurement (6). In order 
to calculate microcirculatory parameters, videos were analyzed offline using AVA 3.2 
software (MicroVision Medical, Amsterdam, the Netherlands.) The microvascular flow 
index (MFI), percentage of perfused vessels (PPV), the heterogeneity index (HI), total 
vessel density (TVD), perfused vessel density (PVD) were calculated. The MFI of an image 
is determined by assessing the predominant type of flow in each quadrant, ranging 
from 0 = no flow to 3 = continuous flow. A MFI of 3 is considered normal. The PPV is 
the percentage of length of vessels which shows a continuous flow (range 0-100%). 
The MFI and PPV are considered as markers of perfusion. The TVD is the total length 
of vessels per surface and is measured in mm/mm2. The PVD is reflects the length of 
perfused vessels per surface. The TVD and PVD reveal information on diffusion distance. 
To determine the heterogeneity of flow at a certain bowel site the HI was calculated 
as follows, (highest MFI - lowest MFI)/ average MFI at that site (6). The occurrence of 
AL was extracted from patients’ medical records. 
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Results

A total of 9 images were acquired in two patients.  In case 1 three images were acquired 
of the descending colon 20 cm proximal to the planned transection line. The heart rate 
during recording was 67 beats/min and blood pressure was 95/48 mmHg (mean arterial 
pressure of 64 mm Hg). While, the surgeon visually assessed the bowel to be adequately 
perfused, HVM revealed that no blood flow was present in the serosal microcirculation 
as the MFI and PPV were both 0.  The TVD was 8,51 mm/mm2. 

In Case 2, while the bowel macroscopically appeared to be well perfused HVM showed 
a MFI of 0. After a second resection, the bowel was externalized again.  Six images were 
then acquired at two parts of the bowel. Mean arterial blood pressure during imaging 
was 67 mm Hg. Microcirculatory parameters are presented in Table 1. The bowel, as 
visualized with HVM, was well perfused 20 cm proximal to the planned transection line 
(MFI 2,88, PPV 96%). Microcirculatory perfusion was also present at the planned site 
of anastomosis with a MFI of 2,50 and PPV of 79%.

Discussion

We present two cases with insufficient intra-operative serosal blood flow at the site of 
the planned anastomosis, as visualized with HVM, while at the same time perfusion of 
the colon was assessed as adequate upon visual inspection. After re-internalization of 
the bowel inadequate blood flow was indeed confirmed.  In both cases the microscopic 
findings appeared to be the harbinger of clinically relevant insufficient bowel perfusion 
with subsequent need for re-intervention.  

Intra-operative prediction of anastomotic integrity is challenging (2). Therefore, 
technology aiding surgeons in the assessment of bowel perfusion may prove valuable 

Table 1 Microcirculatory parameters for acquired handheld vital microscopy images in case 2 as calculated by 
off-line analysis.

Imaging location MFI (AU) PPV 
(fraction)

TVD 
(mm/
mm2)

PVD 
(mm/
mm2)

HI (AU)

Descending colon after first resection* 0.00 NA NA NA NA

Descending colon after second resection^ 2.88 0.96 10.59 10.20 0.090

Site of anastomosis after second resection^ 2.50 0.79 9.12 7.34 0.40

Abbreviations: AU: arbitrary units, HI: heterogeneity index, MFI: Microcirculatory flow index, NA: not available, 
PPV: proportion of perfused vessels, PVD: perfused vessel density, TVD: total vessel density. 
*Colon visually assessed to be well perfused by surgeon, however no blood flow was seen with Handheld vital 
microscopy.
^ Colon visually assessed to be well perfused by surgeon in addition handheld vital microscopy also showed 
perfusion.   
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in lowering AL rates. A promising technique is the use of intravenous indocyanine green 
(ICG) fluorescence angiography. Assessment of perfusion with this technique resulted 
in a change of site for planned anastomosis in 7.4% of the cases and a low incidence 
of AL.  Although this device has mainly been studied in cohort studies (7). With HVM it 
is possible to directly visualize the microcirculation and assess the presence of red 
blood cell flow and therefore assess the number of vessels perfused and the quality 
of flow. This makes it possible to assess perfusion, diffusion distances and heterogeneity 
of flow. In addition to distinguishing between flow and no flow, HVM is also able to 
detect a gradual decline in microperfusion (8). However, microcirculation parameters, 
as determined with HVM, have not yet been coupled to AL. To examine this a larger 
cohort study is needed. The presented cases are the first two patients in which we 
found intestinal perfusion, visualized with HVM, to be absent at the planned site for a 
primary anastomosis. This lead to reassessment of the transection level by the surgeon.  
We did previously find a partially compromised serosal microcirculation at the planned 
anastomosis during colorectal surgery (8,9). However, in these patients no AL occurred. 
Suggesting that not a gradual decline predicts AL, but maybe the distinction between 
flow or no flow is of greater importance. We also found that mucosal perfusion in these 
patients was preserved (9), suggesting, that the serosal microcirculation in more 
sensitive to a surgical hit than the mucosa.

Although, practical difficulties in acquiring stable image have largely been overcome 
with the use of an IAS with an average imaging time per organ site of 3 minutes, still 
limitations of HVM remain (5).  Firstly, direct access to the bowel is necessary, making 
applicability limited to open procedures or surgery where the bowel is externalized 
as in the cases described. In addition, in laparoscopic procedures as performed in the 
cases presented, it is not possible to image the distal end of the anastomosis with 
HVM as there is no direct access to this part of the bowel. While perfusion in this part 
of the anastomosis is also of importance for anastomotic viability. To assess perfusion 
of the anal margin, mucosal imaging of the rectal pouch would have to be performed, 
which is feasible (10). However, this would only be applicable for an anastomosis close 
to the anal margin. Additionally, an absence of blood flow visualized by HVM, as we 
report here, has never directly been correlated to AL. Finally, in contrast to the MFI, 
which can quickly be scored, an extensive analysis is required for the calculation of 
the PPV and vessel density. However, recently an automated quantification of the 
microcirculatory parameters has been validated for the sublingual microcirculation 
(11). This could potentially result in quick use of all microcirculatory parameters during 
surgery.

In conclusion, two cases are presented where HVM showed merit in aiding the surgeon 
by detecting the absence of adequate bowel perfusion before creation of a primary 
anastomosis. The ability to directly visualize intestinal microcirculation may prove of 
value to surgeons when assessing adequate bowel perfusion and anastomotic viability.
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Electronic supplementary material

Video 1: Microcirculation of the intestinal serosa, as visualized with handheld vital 
microscopy.  Perfusion is severely compromised in this video.
Video 2: Microcirculation of the intestinal serosa, as visualized with handheld vital 
microscopy.  Perfusion is normal in this video.
https://link.springer.com/article/10.1007/s12328-020-01235-z
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In this thesis we examined the intestinal microcirculation during abdominal surgery 
with the use of handheld vital microscopy (HVM). In this chapter the main findings from 
our work will be held in perspective to existing evidence and we will provide a 
perspective on future use of HVM during abdominal surgery for the clinical as well as 
the research setting. Adequate bowel perfusion, is a perquisite for anastomotic healing 
and is often mentioned as a key factor in the development of anastomotic leakage (AL), 
one of the most feared complications following gastrointestinal surgery. In addition, 
as clinical assessment of anastomotic viability during surgery remains challenging, 
devices which can aid in the assessment of bowel perfusion during surgery could 
potentially reduce the incidence of AL (1). Also, a thorough understanding of the 
relationship between macro- and microcirculation could result in improved 
hemodynamic management in the perioperative phase.

The use of HVM to visualize the serosal microcirculation of the intestine during surgery 
proved to be more challenging than visualization of the sublingual microcirculation (2).  
With factors such as bowel peristalsis leading to more time to acquire a stable image 
and a higher pixel loss for HVM of the intestine than the sublingual microcirculation 
(2). In chapter 2 we introduced and validated an image acquisition stabilizer to HVM 
of the intestine. It was found that the use of an image acquisition stabilizer improved 
HVM imaging when used on the serosal surface of the human gut during surgery as 
imaging time and image drift were both reduced.  This without any effects on the 
microcirculation. An Image acquisition stabilizer has been previously used sublingually 
(3). On this organ surface it did also improve image drift, however imaging time did 
not differ. As HVM imaging of the gut was shown to be challenging improving conditions 
proved useful in the research setting and may also contribute to the practical 
introduction in clinical use. 

In chapter 3 we studied the serosal microcirculation of the intestine during major 
abdominal surgery. In 28 patients we found that both red blood cell velocity and total 
vessel density were not associated with blood pressure or other macrohemodynamic 
factors. Blood pressure is a key element on which hemodynamic management is build. 
As monitoring of perfusion and oxygenation in target organs is not fully available in the 
clinical setting. Uncoupling between systemic variables and the microcirculation has 
been referred to as there being a loss of hemodynamic coherence (4). Such a loss of 
hemodynamic coherence between systemic variables and the microcirculation during 
surgery has been described for the sublingual microcirculation during aortic surgery (5). 
Additionally, after major abdominal surgery a compromised sublingual microcirculation 
was found to be associated with post-operative complications, while blood pressure was 
comparable in these patients (6). Possibly, other macrohemodynamic variables, such as 
cardiac index (CI) or stroke volume, show a stronger correlation with microcirculatory 
flow than blood pressure. As was reported for the sublingual microcirculation, during 
major abdominal surgery (7). Patients with a preload dependence were given a fluid 
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challenge. After this fluid challenge both microvascular perfusion and stroke volume 
increased, while blood pressure and heart rate remained unaltered. In our study, we 
found the CI to show no correlation with microcirculatory parameters, noting that the 
CI was only available in 18 patients. This lack of coherence between microperfusion and 
both blood pressure and CI has been found in an animal model of abdominal surgery 
in pigs, where improving systemic blood pressure with norepinephrine from a mean 
arterial pressure (MAP) of 60 mmHg to 75 mmHg also lead to an increase in CI, however 
intestinal microcirculatory blood flow was unaltered (8). In spite of this lack of coherence, 
the perioperative optimization of hemodynamics has been shown to reduce surgical 
mortality and morbidity (9). When seeking to improve hemodynamics, two commonly 
used interventions are the administration of fluids and the use of vasoactive agents.  
Perioperative fluid management has been broadly studied, yet debate about optimal 
strategy remains (10).  Fluid resuscitation is often one of the first steps when blood 
pressure needs to be improved. However, the return of normal values of systemic factors 
does not always mean that organ perfusion is also restored. In septic patients, after 
major abdominal surgery, both blood pressure and CI improved after a fluid challenge 
while microcirculatory perfusion and perfused vessel density of the mucosal surface of 
a stoma remained unaltered (11). Contrastingly, during abdominal surgery, a fluid 
challenge did restore the sublingual microcirculation in patients with a preload 
dependence (7). In post cardiac surgery patients, fluid administration appeared to recruit 
the microcirculation as a higher fluid balance was associated with a higher TVD of the 
sublingual microcirculation. However, when exceeding a certain amount of fluids, the 
vessel density decreased (12). In addition, the type of fluid administered can also 
influence its results (13). The effects of vasoactive agents on the microvascular flow 
remains unclear. It has been found that increasing the MAP above 65 mmHg with a 
vasoactive agent will negatively impact micro-perfusion (14). We found no difference in 
microcirculatory parameters in patients with noradrenaline compared to patients without 
noradrenaline. This was at a MAP within normal ranges and with low dosage of 
noradrenaline. Our study suggests that when these two criteria are met noradrenaline 
is a good choice for maintaining MAP during abdominal surgery without compromising 
intestinal perfusion. Autoregulation i.e., the ability to maintain steady perfusion despite 
of fluctuation in systemic pressure could play a role in our finding of a lack of correlation 
between the microcirculation and blood pressure. However, autoregulation of the 
intestine has been considered to be less proficient than in other organs such as the brain, 
heart and kidney (15). Multiple mechanisms are thought to govern autoregulatory 
capacity.  There are two hypotheses on the driving factors of this intrinsic control; the 
metabolic and the myogenic. The metabolic hypothesis states that oxygen supply guides 
perfusion, as metabolic factors resulting from hypoxia lead to vasodilation.  In contrast 
hyperoxia would lead to vasoconstriction. The myogenic hypothesis states that blood 
flow is determined by the reaction of vessels to transmural pressure and stretch (16,17). 
Also, it is of importance in what blood pressure range this autoregulatory mechanism 
functions. When blood pressure drops below a certain threshold, blood flow also 
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decreases. In anesthetized horses, a lower threshold of a MAP 60 mmHg has been 
reported for intestinal autoregulation, which would be in line with our results (18). In 
other animal studies autoregulation of the intestine only persisted at higher levels of 
perfusion pressure (19–21).

Thoracic epidural analgesia (TEA) is a commonly used technique in patients undergoing 
abdominal surgery, as it can deliver excellent postoperative pain relief (22). In addition 
to blockade of pain nerves it also blocks sympathetic nerves innervating the splanchnic 
organs. It thereby theoretically leads to vasodilation in the blood vessels supplying the 
splanchnic organs. In the study presented in Chapter 4 the intestinal serosal 
microcirculation was visualized prior to, and after initiation of thoracic epidural 
anesthesia. We hypothesized that TEA, by means of vasodilatation, increases 
microcirculatory perfusion of the serosa of the human bowel.  However, we found no 
effects of the TEA on the microcirculation of the gut, while blood pressure was 
significantly lower after a bolus of TEA had been given. Even in patients in which blood 
pressure needed correction no differences were found for microcirculatory parameters. 
In both animal and human studies contrasting results have been reported, it has both 
been proposed that TEA improves but also impairs the microcirculation (23–30). These 
studies were performed in various states of shock and different surrogate parameters 
for the microcirculation were measured. Leading towards a challenging comparison 
of these results. Our results suggest that, in patients with TEA a lower blood pressure 
does not result in a change in microcirculatory blood flow. 

Compromised anastomotic perfusion and oxygenation have been associated with 
anastomotic leakage (AL), one of the most feared complications in gastrointestinal 
surgery (31–33). However, the exact relationship remains unclear. A next step in 
understanding the pathophysiology of anastomotic leakage (AL) was to visualize the 
microcirculation directly at the planned site for a primary anastomosis during colorectal 
surgery. In chapter 5 this next step was taken. We compared the serosal microcirculation 
of the planned anastomotis to the serosal microcirculation of the bowel twenty cm 
proximal to this site. It was demonstrated that microcirculatory alterations of the serosa 
are indeed present at the planned anastomotic site during colorectal surgery, while 
macroscopically the bowel appeared to be well perfused. The perfusion we found 
(microvascular flow index of 2.29, and percentage of perfused vesssels 74%) can be 
considered as subnormal when taking in account normal values during surgery and 
also for sublingual HVM in the intensive care unit (2,34). However, none of these 
patients developed AL. A possible explanation is that although perfusion is relatively 
lowered, oxygenation supply remains adequate, as has been reported for the rectal 
microcirculation in cardiac surgery patients (35). 

After finding a compromised serosal microcirculation, behavior of the mucosal 
microcirculation remained a question.  In prior animal studies, conflicting findings have 
been reported. In pigs, after an ischemia/reperfusion injury had been induced, 
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oxygenation in the serosa of the ileum was found to be more vulnerable than the 
mucosa (36). Yet, in another animal study, creation of an ischemic colon segment 
resulted in larger ischemic mucosal zones than that of the serosa (37). Chapter 6 adds 
to existing literature by visualizing both the mucosal and the serosal microcirculation 
at the planned anastomosis or stoma during abdominal surgery in humans.  The 
presented results for serosal microcirculatory parameters were comparable to prior 
findings. However, we found a preserved mucosal microcirculation at this bowel site. 
Suggesting that the serosa is more sensitive to surgical factors such as dissection of 
the peritoneum. But also, that the mucosa may be of greater importance in anastomotic 
healing. 

Chapter 7 discusses two patients in which HVM aided the surgeon in detection of 
inadequate perfusion at the planned anastomosis during surgery. Interestingly, the 
bowel macroscopically appeared to be well perfused, while microcirculatory blood flow 
was absent. Only later did the bowel indeed become cyanotic. Devices which can aid 
surgeons in assessment of bowel viability during surgery have gained much interest 
recently. For instance, laser speckle contrast imaging has been shown feasible in 
measuring blood flow during gastrointestinal surgery(38). This technique was used to 
detect ischemic areas during gastric tube reconstruction (39). Laser speckle contrast 
imaging can image a large are of interest at once. A technique which has found use in 
clinical practice as well as in a research setting is Indocyanine green (ICG) fluorescence 
imaging. With this technique indocyanine green is administered intravenously. 
Hereafter, parts of the bowel where the indocyanine green has traveled to become 
green when visualized with fluorescence angiography. Meaning this area should be 
perfused. In recent years ICG fluorescence imaging has been used in multiple studies 
which show low AL rates, and a change in anasomotic site in 9.7 % of the patients in 
which ICG was used (40,41). Confirming a discrepancy between macroscopic visual 
assessment of perfusion and actual perfusion. However, data is mainly from cohort 
studies. Currently only two randomized controlled trials have been published, with 
one showing a lower AL rate with the use of ICG and one showing no significant 
difference (42,43). The use of ICG fluorescence imaging in the research setting as well 
as in clinical practice highlights the demand for technology which can aid surgeons in 
the assessment of anastomotic perfusion and viability. One of the major strengths of 
ICG fluorescence imaging compared to HVM, is that it can be used during laparoscopic 
pneumoperitoneum while direct contact with the bowel is required for HVM, limiting 
use to open surgery and surgery where the bowel is externalized. Adaptation of the 
device to make it usable laparoscopically would open the door to a broader use, 
however this is currently not available. In addition, with ICG, the whole bowel can be 
assessed at once, in comparison to HVM in which one region of interest is imaged at 
a time. However, ICG fluorescence imaging remains a subjective assessment by the 
surgeon as quantative analysis still is lacking for most systems (40). While with HVM 
both a qualitative and quantative assessment can be made. 
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The following limitations are worth noting for the studies presented in this thesis. 
Because of the small sample sizes, we were not able to make conclusions on the 
association between intraoperative findings and postoperative clinical outcomes. Also, 
in studies with negative findings, this could have led to a type 2 error. In addition, 
patients with a reduced left ventricular ejection fraction, serious pulmonary disease, 
renal failure or liver failure were excluded from our study. In these at risk patients the 
microcirculation could behave in a different manner. 

Future perspectives

Several opportunities for future clinical research with HVM of the intestinal 
microcirculation remain. The following aspects are of importance for future implantation 
of HVM for assessment of intestinal microcirculation in the perioperative phase. 
Traditionally, most microcirculatory parameters are calculated after a thorough offline 
analysis, making research time consuming and limiting clinical implementation. The 
recent validation of an automated analysis with Microtools opens the door to a faster 
calculation of microcirculatory parameters (44,45). Which can lead to an easier way of 
performing research and also an important step towards clinical use. In addition, in 
contrast to using multiple parameters, the use of a single parameter with a clear cut 
off value could ease the way to clinical implementation of HVM during surgery. Tissue 
red blood cell perfusion tRBCp, which can automatically be calculated, has been 
proposed to fit such a goal. With this quantative parameter expressing red blood cell 
perfusion of the tissue (46).  Furthermore, the intraoperative microcirculation has yet 
to be linked to clinical outcome. A larger cohort study with a postoperative follow up 
period could shed a light on the correlation of intraoperative microcirculation with 
clinical outcomes. Ideally, a single parameter with a clear cut off value at which bowel 
perfusion becomes compromised would be defined. Moreover, in this thesis we 
performed observational studies. Future studies should focus on commonly used 
interventions such as administration of fluids and the use of vasoactive agents and its 
effects on the intestinal microcirculation during the perioperative phase.  Although, 
we did not find a correlation between blood pressure and microcirculatory flow, it is 
also of importance to take into account inter patient variability, as optimal blood 
pressure may differ between patients. Herein may lie a future clinical use of HVM to 
aid anesthesiologists, surgeons and other perioperative physicians in optimizing 
individual patient care. As this device could be used intraoperatively to determine an 
optimal, or minimum, blood pressure for the individual patient at which microcirculatory 
function of the intestine is preserved. Which can then be used as a goal for perioperative 
hemodynamic management. 
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Summary

Anastomotic leakage (AL) remains a dreaded complication following abdominal surgery 
as it leads to higher morbidity, higher in-hospital mortality and worse long-term 
outcome (1,2). Inadequate bowel perfusion has been associated with the occurrence 
of AL and clinical assessment of anastomotic viability during surgery remains 
challenging (3–8). Therefore, devices which can aid in the assessment of bowel 
perfusion have recently gathered much interest and could potentially reduce the 
incidence of AL. When seeking to improve anastomotic perfusion one aspect is 
intraoperative confirmation of adequate perfusion of the anastomosis. A second aspect 
is optimizing perioperative hemodynamic management. In clinical practice 
macrohemodynamic variables, such as blood pressure, are commonly used for both 
monitoring and as a target for resuscitation with the aim being perseverance of tissue 
oxygenation in the target organs. However, microcirculatory perfusion is not always 
coupled to macrohemodynamic factors (9). With the microcirculation being formed by 
vessels with a diameter < 20 µm: the arterioles, venules and capillaries (10). 
Microcirculatory function of the intestine, and its relationship to macrohemodynamic 
factors, during surgery remains unclear. As current literature mainly consists of animal 
studies and results are inconclusive. Further examining the relationship between the 
micro- and microcirculation could potentially lead to improvements in perioperative 
hemodynamic management.

When comparing the use of handheld vital microscopy for the assessment of sublingual 
microcirculation and serosal intestinal microcirculation during surgery, the latter was 
accompanied by practical difficulties. These practical difficulties resulted in a longer 
time to achieve stables images and larger pixel drift (11). In Chapter 2 we described 
the use of an image acquisition stabilizer (IAS) and its validation for HVM during 
abdominal surgery. The use of an IAS  for HVM of the serosa of the intestine during 
surgery resulted in improved imaging conditions with a higher success rate, shorter 
time to acquire stable images and a smaller pixel loss. The use of an IAS could 
potentially help in implementing HVM in clinical practice. 

In Chapter 3 we presented a study in which the correlation between blood pressure 
and the intestinal microcirculation was examined. In 28 patients, the serosal intestinal 
microcirculation was imaged during abdominal surgery. We found that both red blood 
cell velocity and total vessel density of the serosal surface of the intestine were not 
associated with macrohemodynamic factors such as blood pressure or cardiac index. 
Suggesting that at the lower range of normal values for blood pressure the 
microcirculation of the intestine is preserved during surgery. Thoracic epidural 
anesthesia (TEA) is regularly used in abdominal surgery for perioperative pain 
management. TEA theoretically results in vasodilation of the splanchnic circulation, by 
blockade of sympathetic nerves. This reduce in peripheral vascular resistance can lead 



Summary / Nederlandse samenvatting

105

9

to a drop in blood pressure. In chapter 4 we examined the effect of TEA on 
macrohemodynamic factors as well as the intestinal microcirculation of the serosa 
during abdominal surgery. We found a marked decrease in blood pressure after 
initiation of TEA, however microcirculatory parameters of the intestine remained 
unchanged.  

As mentioned above, devices which can aid in the assessment of bowel perfusion could 
potentially reduce the incidence of AL. In Chapter 5 the use of HVM for imaging 
perianastomotic blood flow during laparoscopic colorectal surgery is described. We 
compared the serosal microcirculation of the planned anastomosis to the serosal 
microcirculation of the bowel twenty centimeter proximal to this site. We found 
microcirculatory alterations to be present at the planned anastomotic site, while 
macroscopically the bowel appeared to be well perfused. Highlighting once more that 
macroscopic assessment of adequate perfusion remains a challenge. Interestingly, 
none of the patients in this study developed AL. A possible explanation is that although 
perfusion was lowered, oxygenation remained adequate, as has been reported for the 
rectal microcirculation in cardiac surgery patients (12).  Blood flow in the intestinal wall 
goes from the serosa through the muscularis, submucosal and finally the mucosal 
layer. It has been stated that the mucosa is more vulnerable to hypoperfusion than 
the serosa. In Chapter 6 we tested this statement. The serosal and mucosal 
microcirculation at a planned site for a primary anastomosis were assessed during 
surgery. Our results show that the while a compromised microperfusion of the serosa 
was present, perfusion of the mucosa was preserved. Suggesting that the serosa is 
more vulnerable to a surgical hit. However, since none of these patients developed AL, 
the mucosa may be of greater importance for adequate anastomotic healing. In 
Chapter 7 two cases of patients undergoing laparoscopic colorectal surgery in which 
HVM aided in detection of inadequate blood flow at a planned site for primary 
anastomosis are presented. Showing a clinical use of this technique.  

In this thesis we present the use of HVM for the visualization of the intestinal 
microcirculation during abdominal surgery.  In Chapter 8 an overall conclusion and 
discussion were presented. With the goal of placing the gathered physiological and 
clinical findings in a broader perspective. In addition, a recommendation for clinical 
practice and future research is given. 
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Naadlekkage is een van de meest gevreesde complicaties na darmchirurgie omdat het 
wordt geassocieerd met hogere morbiditeit, hogere ziekenhuissterfte en slechtere 
uitkomsten op de lange termijn (1,2). Een belangrijke oorzaak van het ontwikkelen van 
naadlekkage is een verminderde doorbloeding van de darm (3–8). Helaas blijft het 
lastig om voor en tijdens chirurgie te voorspellen of naadlekkage gaat optreden. 
Daarom is er aandacht voor technieken en apparatuur die hierbij kunnen helpen. Om 
naadlekkage te voorkomen, is het van belang dat de perfusie tijdens en na de operatie 
adequaat is. Een belangrijk aspect hierbij is optimalisatie van de hemodynamiek. In de 
dagelijkse praktijk wordt bloeddruk gebruikt als een belangrijke bouwsteen in het 
beleid. Echter, de macrocirculatie is niet altijd gekoppeld aan de microcirculatie (9). 
Onder microcirculatie vallen de bloedvaten met een diameter < 20 µm: de arteriolen, 
venulen en capillairen (10). Hoe de microcirculatie zich verhoudt tot de bloeddruk 
tijdens chirurgie is nog niet volledig bekend. In dierenstudies zijn tegenstrijdige 
resultaten beschreven terwijl er in mensen maar weinig onderzoek is gedaan. Daarom 
hebben we in klinische studies gekeken naar de relatie tussen de microcirculatie van 
de darm en de macrocirculatie tijdens chirurgie. De resultaten hiervan staan beschreven 
in dit proefschrift. Met de verworven kennis hopen we de perioperatieve zorg van 
patiënten rondom darmchirurgie te verbeteren. 

Er is behoefte aan apparatuur die de doorbloeding van de darm tijdens een operatie 
in kaart brengt. Een voorbeeld hiervan is ‘handheld vital microscopy’ (HVM), een 
apparaat waarmee de microcirculatie in beeld kan worden gebracht. Deze techniek is 
al veel gebruikt voor onderzoek naar de microcirculatie onder de tong. Recent 
onderzoek laat zien dat HVM ook gebruikt kan worden op de darm tijdens chirurgie 
(11). Echter, door peristaltiek van de darm is het moeilijker om een stabiel beeld te 
verkrijgen. In hoofdstuk 2 beschrijven we het gebruik van een ‘image acquisition 
stabilizer’ (IAS) om de beeldkwaliteit te verbeteren. De studie liet zien dat het gebruik 
van IAS de meetomstandigheden verbeterde. Hierdoor was het percentage geslaagde 
metingen hoger, was er voor een meting minder tijd nodig en gingen er minder pixels 
verloren. Dit zou dus kunnen bijdragen aan de klinische implementatie van HVM. 

Hoofdstuk 3 beschrijft de correlatie tussen bloeddruk en de microcirculatie van de 
darm. In 28 patiënten is de serosale – buitenkant – microcirculatie van de darm 
gevisualiseerd tijdens darmchirurgie. De ‘mean arterial pressure’ (MAP) van deze 
patiënten lag  tussen de 55 en 106 mmHg. In deze patiënten vonden wij geen correlatie 
tussen de serosale microcirculatie en macrohemodynamische parameters zoals 
bloeddruk en ‘cardiac index’. Dit suggereert dat de microcirculatie adequaat blijft bij 
een MAP van 55-106 mmHg. De meeste patiënten hebben tijdens chirurgie een MAP 
binnen deze range. 
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Tijdens chirurgie worden veel medicatie en technieken gebruikt tegen de pijn. Zo is 
thoracale epidurale anesthesie (TEA) een goede techniek om pijn te bestrijden tijdens 
en na darmchirurgie. Deze techniek blokkeert naast pijnzenuwen ook de zenuwen van 
het autonome zenuwstelsel. Blokkade hiervan leidt tot vasodilatatie van de vaten die 
de darm voorzien van bloed. Dit gaat doorgaans gepaard met een daling in bloeddruk 
door een verminderde perifere vaatweerstand. In hoofdstuk 4 staat een studie 
beschreven waarin het effect wordt bestudeerd van TEA op de bloeddruk en de 
microcirculatie van de darm. In deze studie zagen we inderdaad een evidente daling 
in bloeddruk na start van TEA. Echter, de doorbloeding van de microcirculatie bleef 
stabiel.  

In hoofdstuk 5 beschrijven we het gebruik van HVM bij het visualiseren van de 
darmdoorbloeding van een darmnaad tijdens chirurgie. In dit hoofdstuk wordt de 
serosale microcirculatie op de plek van een nieuwe darmnaad vergeleken met de darm 
proximaal hiervan. De doorbloeding van de darmnaad bleek verminderd t.o.v. het 
proximale darm segment, terwijl de darmnaad macroscopisch goed doorbloed leek. 
Deze resultaten laten zien dat HVM in potentie chirurgen kan helpen bij het objectiveren 
van de darmdoorbloeding. In deze studie ontwikkelde geen van de patiënten een 
naadlekkage. Mogelijk was de oxygenatie van het weefsel voldoende voor een goede 
genezing ondanks een verminderde doorbloeding. Een verminderde darmdoorbloeding 
met een normale oxygenatie is eerder beschreven voor de rectale microcirculatie 
tijdens hartchirurgie (12).  De darmwand bestaat uit vier lagen: de serosa, de muscularis, 
de submucosa en de mucosa. De mucosa is waarschijnlijk kwetsbaarder voor 
doorbloedingsproblemen dan de serosa. In hoofdstuk 6 is onderzocht hoe de 
doorbloeding van de serosa en mucosa zich tot elkaar verhielden op de plek van een 
nieuwe darmnaad. We vonden een verminderde doorbloeding van de serosa, terwijl 
de mucosa nog goed doorbloed was. Dit wijst erop dat de serosa kwetsbaarder is voor 
chirurgische schade. Deze patiënten ontwikkelden geen naadlekkage. Dit suggereert 
dat de doorbloeding van de mucosa belangrijker is voor goede genezing van de naad. 
In hoofdstuk 7 beschrijven wij twee patiënten waarbij met behulp van HVM tijdens 
colorectale chirurgie een verstoorde doorbloeding van de darmnaad werd vastgesteld. 
Dit hoofdstuk laat hiermee de klinische toepassing van HVM zien. 

In dit proefschrift worden meerdere aspecten beschreven van de microcirculatie van 
de darm tijdens chirurgie. De microcirculatie werd in beeld gebracht met gebruik van 
HVM. In hoofdstuk 8 worden onze resultaten en conclusies vergeleken met bestaande 
literatuur. Tevens wordt in dit hoofdstuk een aanbeveling gedaan voor klinisch gebruik 
van HVM en toekomstig onderzoek. Met deze nieuwe kennis hopen we bij te kunnen 
dragen aan het verbeteren van de perioperatieve zorg van patiënten rondom 
darmchirurgie.
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