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abstraCt

aim
To describe the serosal microcirculation of the human bowel using sidestream dark field 
imaging, a microscopic technique using polarized light to visualize erythrocytes through 
capillaries, and to compare its feasibility to the current practice of sublingual microcircula-
tory assessment.

methods
In seventeen patients sidestream dark field measurements were performed during gas-
trointestinal surgery. Microcirculatory parameters like microvascular flow index (MFI), pro-
portion of perfused vessels (PPV), perfused vessel density (PVD) and total vessel density 
(TVD) were determined for every patient, sublingually and on the bowel serosa.

results
In total 60 measurements were done on the bowel of which 8 (13%) were excluded, 5 
due too much bowel peristalsis, 3 because of pressure artifacts. Image stability (Pixel loss 
per image; Bowel: 145 (CI 126-164) versus Sublingual: 55 (CI 41-68); P<0.001) and time to 
acquire a stable image (Bowel: 108 (CI 53-163) seconds versus Sublingual: 46 (CI 29-64) 
seconds; P=0.03) were in favor of sublingual measurements. No difference in the MFI was 
observed (Bowel: 2.9 (IQR 2.87-2.95) versus Sublingual: 3.0 (IQR 2.91-3.0); P=0.081). There 
was a difference in the PPV (Bowel: 95% (CI 94-96%) versus Sublingual: 97% (CI 97-99); 
P<0.001), PVD (Bowel: 12.9mm/mm2 (CI 11.1-14,8) versus Sublingual 17.4mm/mm2 (CI 
15.6-19.1); P=0.003), and the TVD (Bowel:13.6mm/mm2 (CI 11.6-15.6) versus Sublingual: 
17.7mm/mm2 (CI 16,0-19,4); P=0.008).

Conclusion
Sidestream dark field imaging is a very promising technique for bowel microcirculatory 
visualization and assessment. It is comparable to sublingual assessment and the analysis 
produces similar outcome with slightly differed anatomical features.
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intrOduCtiOn

Anastomotic leakage after gastrointestinal surgery is a serious complication with an 
incidence of around 10% after colorectal resection and is associated with increased mor-
bidity1 and hospital mortality.2-3 Moreover, anastomotic leakage after colorectal surgery 
is associated with a worse long-term survival and a higher rate of recurrence.4 Amongst 
many factors, microvascular alterations may play an important role in bowel anastomotic 
healing and adequate tissue oxygenation is imperative for healing of bowel anastomoses 
after gastrointestinal surgery.5-8 For a long time, intra-operative hemodynamic assessment 
has been limited to systemic measurements, such as blood pressure, central venous pres-
sure and heart rate. Recently, a more organ specific approach focusing on local oxygen 
delivery and microcirculatory perfusion has gained interest in perioperative and intensive 
care monitoring.9-14 Peri-anastomotic microvascular alterations caused by manipulation of 
the bowel, or due to vascular dissection, may result in a local inability to regulate oxygen 
delivery despite adequate macrohemodynamic conditions and oxygen supply. This could 
result in tissue hypoxia and anastomotic deterioration. For years bowel tissue perfusion 
and vitality was macroscopically assessed by surgeons before deciding to anastomose 
the bowel or remove dubiously perfused segments. Several techniques and devices 
have been studied to objectify bowel perfusion and viability, which have not led to a 
unanimous successful device.15 Sidestream Dark Field (SDF) imaging is a promising, non-
invasive method to visualize the microcirculation and assess its function and anatomy. 
In contrast to other methods, one is able to visually assess the micro-vessel architecture, 
flow and its functionality.16 SDF-imaging is currently mainly applied sublingually to assess 
microvascular dysfunction in septic patients on intensive care units.9,16,17 Little is known 
about the gastrointestinal microcirculation in humans visualized with SDF-imaging and 
is mostly performed in a small number of animal studies.18,19 In humans, SDF imaging has 
previously only been used on the mucosal side on stomas and transanally on the rectal 
mucosa.14,20,21 The human gastrointestinal microcirculation has never been assessed with 
SDF-imaging intra-operatively, when the serosal side is also accessible for assessment. 
Therefore, the goal of this study is to describe the serosal microcirculation of the human 
bowel using SDF-imaging during gastrointestinal surgery and compare its assessment 
and feasibility to the current practice of sublingual microcirculatory assessment.
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material and methOds

setting and patient selection
A prospective, single center, observational, clinical study was performed between June 
and December 2014 in patients undergoing elective gastrointestinal surgery. Surgical 
procedures included were: All forms of open colorectal surgery, pylorus presevering pan-
creaticoduodenectomy (PPPD) and laparoscopic procedures with extracorporeal creation 
of the bowel anastomosis. This study was performed in a tertiary teaching hospital (St. 
Antonius Hospital, Nieuwegein, the Netherlands) after approval of the united medical 
ethical committees and the local research and development committee. All patients gave 
written informed consent.

imaging technique
Sidestream dark field imaging consists of a handheld device that illuminates an area of 
interest by surrounding a central light guide with concentrically placed light emitting 
diodes(LEDs), which thus provide SDF-illumination. If the wavelength within the hemo-
globin absorption spectrum is chosen, erythrocytes will appear dark and leucocytes may 
be visible as refringent bodies. The vessel walls itself are 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 to enter the center of the light guide. The 
SDF is fitted with an analog video camera that needs to be digitalized by separate analog 
to digital convertor devices for off-line image analysis.22,23 The SDF-imaging device used 
in this study, the MicroScan (MicroVision Medical, Amsterdam, the Netherlands) is CE-
certificated.

Protocol and image acquisition
All surgical procedures were performed in accordance with standard local protocols. All 
patient data was recorded automatically and continuously by a patient data-management 
system. In case of high-risk procedures, an arterial catheter was inserted in the radial ar-
tery and connected to the FloTrac™/Vigileo™ system (Edwards Lifesciences, USA) to obtain 
the cardiac index (CI) and stroke volume variation (SVV). Anesthesia-related hypotension 
(≥20% decrease in mean arterial pressure (MAP) or MAP <60 mmHg), a decrease in CI or 
increase in SVV was treated until the patient showed stable hemodynamic parameters, 
before measurements with the SDF-imaging device were started. During measurements, 
special care was taken to avoid pressure artifacts, adhering to the standard operating 
procedure previously described by Trzeciak et al24 and recommended in the roundtable 
conference.16 A laparoscopy camera cover over the SDF imaging device was used to create 
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a sterile work field for the serosal measurements. This is a disposable sterile endoscopic 
camera protection cover, which can be used during laparoscopic surgery. This cover can 
also be used to protect the SDF imaging device during measurements. Furthermore, the 
sterile disposable lens cover was pre-heated to body temperature, secretions or blood on 
the bowel surface were removed with gauze and sterilized saline was applied at the surface 
of interest. After obtaining good image focus, the probe was pulled back gently until con-
tact was lost and then slowly advanced again to the point at which contact was regained. 
This was done because small alteration in flow of the larger venules may indicate pressure 
artifacts. 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. Two investigators separately analyzed 
these images(off-line) using the AVA 3.2 Software program (Microvision Medical, Am-
sterdam, The Netherlands).25 Sublingual and bowel serosal measurements were directly 
successively performed. Time until stable image and completion of measurements were 
noted for each measurement as indicative of the difficulty of obtaining images. Image 
stability was assessed by measuring image drift. Image drifting during automated image 
stabilization (AVA 3.2 software) was measured as the translation (in pixels) in either x- or y 
direction of an image with respect to the first image of a video sequence, resulting in loss 
of pixels per image.25

Quantifying microcirculation
In a roundtable conference, international experts reached consensus on how to evaluate 
the microcirculation using SDF-imaging.16 All recommendations given were implemented. 
Video clips were directly saved as digital AVI-DV files to a hard drive of a personal computer 
using an analog-to-digital converter (Canopus, Kobe, Japan) and the freeware program 
WinDV (http://windv.mourek.cz). A 5 times optical magnification was used, producing 
images representing approximately 0.94 x 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 sublingually and on the bowel 
serosa. The semi quantitative microvascular flow index (MFI), ranging from 0 (no flow) to 
3 (continuous flow) is based on the determination of the predominant type of flow in four 
quadrants. The MFI is the sum of these scores divided by the number of scored quadrants 
(figure 1).

PPV was obtained by scoring all vessels with a flow score greater than 1 (figure 2), scored 
semi quantitative, ranging from 0 (no flow) to 3 (continuous flow) together with the MFI, 
this provided information on convection. Thereby quantifying the flow or movement of 
erythrocytes within the microvessels. Total vessel density (TVD) and perfused vessel den-
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sity (PVD), both expressed in mm/mm2, provided information on diffusion (figure 2) by 
showing density and vessel distance. Perfused vessel density (PVD) can be calculated by 
multiplying vessel density by the proportion of perfused vessels(PPV). The image analysis 
has previously been described in detail elsewhere.25 Each score was determined for small 
micro vessels with a cut-off diameter of 25 μm. For each area of interest three video files 
were recorded and the scored indices, MFI, PPV, TVD, PVD were averaged resulting into 
one MFI, PPV, TVD and PVD per area of interest per time point. This was done because 
of the intrinsic variability of the microcirculation and that several sites of the organ of 
interest should be averaged as a recommendation of the roundtable conference.16

statistical analysis
Data are presented in medians and interquartile ranges (IQR) for MFI and as the mean for 
other parameters, unless indicated otherwise. Nonparametric tests were used for MFI and 
the paired 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 <0.05 was 
considered statistically significant.

figure 1. Serosal microcirculation. Determination of mean flow index (MFI) score. The image is di-
vided into four quadrants and the predominant type of flow (absent = 0, intermittent = 1, sluggish 

= 2, and normal = 3) is assessed in each quadrant. The MFI score represents the averaged values 
of the four. A 25 μm cut-off is used to separate small vessels (mostly capillaries) from large vessels 

(mostly venules).
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results

Twenty patients were screened and considered eligible. Because three patients withheld 
informed consent, seventeen were enrolled. Baseline characteristics are summarized in 
table 1. Six patients underwent laparoscopic colorectal surgery and measurements were 
done after the sigmoid was brought out through a Pfannenstiel incision for tumor resec-
tion and preparation of the anastomosis. Two patients underwent diagnostic laparotomy 
to be assessed if they were eligible for hyperthermic intraperitoneal chemotherapy 
(HIPEC). The remaining nine patients underwent laparotomy, both the sublingual and 
bowel measurements were performed towards the end of the operation. An accessible 
piece of bowel, either colon or small intestine, with sufficient distance to the tumor or 
anastomosis was used.

figure 2. Serosal microcirculation. Microvascular density is calculated as the microvascular length 
(mm) divided by the imaged tissue area (mm2). PPV = PVD / TVD x 100 (%). PPV, proportion 

perfused vessels; PVD, perfused vessel density (mm/mm2); TVD, total vessel density (mm vessel/ 
mm2). Perfusion of each vessel is scored semi quantitatively as follows: 0 no flow (no flow present 

for the entire duration of the clip), 1 intermittent flow (flow present 50% of the duration of the 
clip), 2 sluggish flow (flow present 50% but 100% of the duration of the clip or very slow flow for 
the entire duration of the clip), and 3 continuous flow (flow present for the entire duration of the 

clip). Flow in the PPV and PVD was obtained by scoring all vessels with a flow score greater than 1.
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table 1. Baseline characteristics
Gender male/female (n) 10/7

Age (years) 69 (80-60)

Procedures

Laparoscopic low anterior resection (%) 3 (17.6)

Laparoscopic sigmoid resection (%) 3 (17.6)

PPPD* (%) 3 (17.6)

Hemicolectomy (%) 6 (35.3)

Diagnostic laparotomy (%) 2 (11.8)

BMI (kg/m2) 26 (19-39)

Epidural analgesia 14 (82.4)

Smoker 3 (17.6)

Hypertension 9 (52.9)

Diabetes 4 (23.5)

COPD 4 (23.5)

All data are presented as mean (range) or as absolute numbers.
* Pylorus preserving pancreaticoduodenectomy

All measurements were performed under normal hemodynamic conditions (table 2). 
Eleven patients had an indication for cardiac output monitoring. There was an equal 
distribution in measurements on the colon (30) and small intestines (30). In total, 60 
measurements were performed on the bowel, of which eight (13%) were excluded (five 
due to extensive bowel peristalsis, three because of pressure artifacts). In one patient no 
sublingual measurements were performed, because of technical problems.

table 2. Systemic haemodynamic characteristics during microcirculatory measurements
Heart rate (beats/min) 64 ± 12

Systolic arterial pressure (mmHg) 110 ± 6

Diastolic arterial pressure (mmHg) 56 ± 10

Mean arterial pressure (mmHg) 74 ± 8

Central venous pressure (mmHg) 10 ± 4.6

Core temperature (°C) 36.1 ± 0.68

Cardiac index (L/min.m2) 2.3 ± 0.4

Stroke volume variation (%) 11 ± 6

Haemoglobine (mmol/l) 7.3 ± 1.3

Haematocrit (%) 34 ± 6

Norepinepherine use (n) 8

Norepinepherine dose (μg/kg.min) 0.045 ± 0.037
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There was a significant difference in image drifting between the bowel serosa and sub-
lingual area expressed in pixel loss per image: 145 (95% confidence interval (CI) 126-164) 
versus 55 pixels (95% CI 41-68), p<0.001. The time to acquire a stable image was signifi-
cantly longer on the bowel compared to the sublingual area 108 (95% CI 53-163) seconds 
versus 46 (95% CI 29-64) seconds, p=0.03. There was no significant difference in the MFI 
on the bowel compared with the MFI of the sublingual area 2.9 (interquartile range (IQR) 
2.87-2.95) versus 3.0 (IQR 2.91-3.0), p=0.081. Significant differences were observed in the 
bowel PPV (95% (95% CI 94-96)) versus sublingual (97% (95% CI 97-99), p<0.001) and the 
bowel TVD (13.6 mm/mm2 (95% CI 11.6-15.6)) versus sublingual (17.7 mm/mm2 (95% CI 
16.0-19.4)), p=0.008. PVD was significantly higher in the sublingual area (17.4 mm/mm2 
(95% CI 15.6-19.1)) compared with the bowel (12.9 mm/mm2 (95% CI 11.1-14.8)), p=0.003 
(table 3).

table 3. Microcirculation and obtained image data

bowel sublingual difference (95%-Ci) p-value

MFI 2.9 3 0.1 0.081

PPV (%) 95 97 -0.3 (0.04 to -0.01) <0.0001

TVD (mm/mm2) 13.6 17.7 -4.0 (-6.9 to -1.2) 0.008

PVD (mm/mm2) 12.9 17.4 -4.4 (-7.1 to -1.7) 0.003

Image drift (pixels) 145 55 90 (70 to 109) <0.0001

Time to stable image (seconds) 108 46 62 (5.6 to 118.4) 0.033

Data presented; MFI: microvascular flow index (median), PPV: proportion of perfused vessels (mean),
TVD: Total vessel density (mean), PVD: perfused vessels density (mean), CI: confidence interval

Differences were observed in the sublingual microvascular anatomy compared to the 
bowel serosa, apart from the apparent difference in microvascular density as expressed 
in the TVD and PVD. Vessels are often more longitudinally oriented in the intestines and 
curled in the sublingual area (Video Example 1). Connective tissue of the serosal side of 
the gut is often thicker than the sublingual mucosa, but this gives no hindrance in micro-
vascular assessment even at the taenia libera of the colon. Connective tissue is sometimes 
seen as a light marking on the forefront image with the microcirculation of the bowel 
clearly on the background. This was not observed in the sublingual area. Edema and hem-
orrhage of the intestinal wall or sublingual mucosa made the microvascular assessment 
more challenging, but not impossible.
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disCussiOn

This is the first study that reports on SDF-imaging on the human intestinal serosa. These 
results demonstrate that serosal microvascular imaging with a SDF-device is feasible and 
similar to sublingual assessment. The microcirculatory anatomy could clearly been visual-
ized and the indices for diffusion (PVD and TVD) and convection (PPV and MFI) known 
from sublingual assessment were used and here from reported.

In septic patients, microcirculatory alterations have been described using SDF-imaging 
(22), even though systemic hemodynamic parameters, like blood pressure, central venous 
pressure and heart rate, may be within an acceptable range.26 Previous studies using SDF-
imaging hypothesize that altered microcirculation, particularly heterogeneity of flow, 
plays an important role in the onset of sepsis and pathogenesis of organ failure.20,27 With a 
similar, but more invasive visual technique, sepsis-induced microcirculatory dysfunction 
in an animal model was shown to be related with impaired anastomotic healing.28 Local 
disruption of the microcirculation without sepsis or macrohemodynamic alterations have 
also been reported to lead to anastomotic leakage in colorectal surgery and upper GI-
surgery using laser doppler flowmetry on the intestinal serosa.10,29 Several non-invasive 
techniques have been assessed in clinical research to qualify and quantify bowel perfu-
sion and viability, but are either difficult to implement in daily practice, have large inter-
individual variation in measurements or have an insufficient accuracy of the technique to 
be useful in clinical practice.15 Using intravenous indocyanine green, near-infrared angi-
ography has been shown to be an accurate tool for assessing microperfusion of the bow-
el.30 Recent studies showed that using this technique for visualising perfusion of the 
planned site of the anastomosis, led to change in surgical plan in between 8 and 19 per-
cent of patients, resulting in lower anastomotic leak rates than those reported in the lit-
erature.31-33 Realtime near infrared indocyanine fluorescence angiography has the advan-
tage over SDF imaging that it is feasible in open and laparoscopic surgery without the 
necessity of direct contact with the bowel serosa.34 Furthermore, in real-time near infrared 
indocyanine fluorescence angiography, the dye can reach the boundaries of ischaemic 
areas by capillary flow diffusion over time, and therefore the perfused zone may be over-
estimated. However, only SDF-imaging provides information on how many vessels are 
perfused, the quality of the flow and whether there are non-perfused areas next to the 
well-perfused ones. In a previous study we showed that not total microvessel density, but 
the functional microvessel density is important in order to assess the microcirculation at 
the level of the anastomosis for the prevention of anastomotic leakage.35 Diller et al. re-
ported similar results in a rat model with no correlation between total microvessel density 
and anastomotic leakage, but a significant correlation with decreased functional density.28 
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Hence, the ideal device for microvascular bowel assessment would not only be able to 
measure microvascular density or the presence of flow or no flow, but also the quality of 
the microcirculation, by quantifying convection and diffusion. Major advantage of SDFim-
aging taking these requirements into account is the microscopic visual inspection of the 
microcirculation thereby giving quality information on convection, diffusion and hetero-
geneity of flow. There were some difficulties in obtaining bowel serosal images with the 
SDF, which were less seen sublingually. Most of these difficulties were due to problems 
with image stabilization. The SDF-device illumination intensity and image focus are oper-
ated by a manual dial on the device itself, making it difficult to adjust illumination and 
focus while keeping the image of interest still, regardless of operator stability. The weight 
of the device (±0,5 kg), bowel peristalsis and conduction of the movement by respiration 
and heart activity through the intestinal package were contributing factors to decreased 
image stability. These factors resulted in a difference in time to image acquisition, loss of 
pixels due to image drift and a lower success percentage compared to the sublingual as-
sessment. In order for SDF microvascular imaging to be a contributor to the assessment of 
serosal microcirculation and ultimately improved anastomotic healing, these problems 
need to be overcome. Within our research group several options to overcome these prob-
lems were proposed. One of these solutions is the use of an image stabilizer previously 
describe by Balestra et al.36 This image stabilizer(IAS) is a stainless steel ring which fits 
snuggly around the tip of the SDFprobe and creates adhesion with the area of interest by 
applied mild negative pressure. The IAS was validated for sublingual use and no effect was 
reported on the sublingual microcirculation or damage to mucosa. Both axial and lateral 
stability was improved and thereby the risk of pressure artifacts also reduced. Another 
solution is the development of a third generation hand-held bedside imaging device, the 
Cytocam or Incident Dark Field imaging (Cytocam-IDF, Braedius Medical, Huizen, The 
Netherlands).37 This is a lightweight (120g) computer controlled imaging sensor-based 
hand-held microscope, which is smaller than the SDF(MicroScan), pen-like and held as 
such. The image focus and illumination are controlled on a computer that is connected to 
the Cytocam-IDF, thereby eliminating motion when adjusting these and may cause less 
image movement. In this feasibility study we only investigated the serosal microcircula-
tion, but the role of the mucosal microcirculation for anastomotic healing is not totally 
clear. There are studies which suggest that by measuring the serosal microcirculation 
anastomotic leakage during colorectal surgery can be predicted10,31-34, but other research 
shows that mucosal microcirculation is much more vulnerable for microvascular and he-
modynamic alterations. Animal studies during progressive bleeding show more severe 
microvascular alterations in the ileal mucosa compared to the ileal serosal microcircula-
tion. Recovery after endotoxemic shock also showed a lagging recovery of the mucosal 
microcirculation compared to serosal and sublingual microcirculation.38,39 Boerma et al. 
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have also found similar results comparing ileal mucosa to sublingual microcirculation in 
patients with abdominal sepsis and an intestinal stoma. Microvascular indices were dis-
sociated between sublingual and ilial mucosa, only mucosal measurements were related 
to outcome.20 The role and importance of the mucosal microcirculation in anastomotic 
healing and its relation to serosal microcirculation should be taken into account in future 
research in anastomotic healing. There are obvious and significant difference seen in the 
scored microvascular parameters and in our opinion these differences in the TVD and PVD 
are explained by anatomy. The significant difference in PPV may be because of procedural 
and patient factors. First is to be mentioned that a normal sublingual MFI and PPV is con-
sidered >2.7 and >90%, respectively and our sublingual measurements are conform in 
other studies.9,24,40,41 Most measurements were done on manipulated parts of bowel usu-
ally either before or just after creation of a bowel anastomosis. None of the measurements 
were done directly on the anastomosis, but microvascular alterations due to manipulation 
could have caused this slight difference in PPV. Furthermore, eight patients received low 
dose norepinephrine which could affect the microcirculation of the bowel, but also the 
sublingual. The difficulties in images stability mentioned could also have contributed to 
the difference in PPV because of too much traction or pressure, but impaired large vessel 
perfusion is a good indicator for too much pressure. In case of pressure artifacts the cam-
era surface pressure was lowered until sufficient improvement of large vessel perfusion or 
measurements were excluded, three measurements were excluded for this reason. During 
measurements the bowel was held in the hands of the surgeon in the abdominal cavity in 
its most natural position, without traction on or lifting of the bowel. The only moment 
when the serosal side of the bowel is accessible in laparoscopic surgery for microcircula-
tory assessment is during extracorporeal creation of the anastomosis, six patient under-
went such laparoscopic low anterior or sigmoid resection. Obviously, traction can then 
not always be avoided and the only part of the bowel accessible surely is manipulated. All 
these factors may affect the normal values of these microcirculatory bowel serosal mea-
surements in this study. As a feasibility study producing normal values was not the pri-
mary end point and future research should be aimed at describing the indices of microcir-
culation during different hemodynamic and pathophysiological conditions.

In conclusion, Sidestream Dark Field imaging is a promising technique for bowel micro-
circulatory visualization and assessment. It is comparable to sublingual assessment and 
the analysis produces similar outcome with slightly differed anatomical features. In future 
research and clinical practice it could contribute in understanding and assessment of 
anastomotic healing, if the problems of image stability and extensive off-line analysis are 
overcome.
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