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Abstract Incident dark field imaging (IDF) is a new

generation handheld microscope for bedside visualization

and quantification of microcirculatory alterations. IDF is

the technical successor of sidestream dark field imaging

(SDF), currently the most used device for microcircula-

tory measurements. In (pre)term neonates the reduced

thickness of the skin allows non-invasive transcutaneous

measurements. The goal of this study was to compare the

existing device (SDF) and its technical successor (IDF) in

preterm neonates. We hypothesized that IDF imaging

produces higher quality images resulting in a higher

vessel density. After written informed consent was given

by the parents, skin microcirculation was consecutively

measured on the inner upper arm with de SDF and IDF

device. Images were exported and analyzed offline using

existing software (AVA 3.0). Vessel density and perfu-

sion were calculated using the total vessel density (TVD)

proportion of perfused vessels (PPV) and perfused vessel

density. The microcirculation images quality score was

used to evaluate the quality of the video images. In a

heterogeneous group of twenty preterm neonates (median

GA 27.6 weeks, range 24–33.4) IDF imaging visualized

19.9 % more vessels resulting in a significantly higher

vessel density (TVD 16.9 vs. 14.1/mm, p value\ 0.001).

The perfusion of vessels could be determined more ac-

curately in the IDF images, resulting in a significant lower

PPV (88.7 vs. 93.9 %, p value 0.002). The IDF video

images scored optimal in a higher percentage compared to

the SDF video images. IDF imaging of the cutaneous

microcirculation in preterm neonates resulted in a higher

vessel density and lower perfusion compared to the ex-

isting SDF device.
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Sidestream dark field � Incident dark field

1 Introduction

The invention of handheld microscopes made it possible to

visualize the microcirculation of critically ill patients in a

non-invasive manner. Since the introduction approximately

15 years ago, several successive devices have been intro-

duced for this purpose. In general, devices consist of an

illumination unit for illumination and a light guide with a

magnification lens for image transfer to an imaging module

such as such as a video camera. Illumination light is green

light with a wavelength (548 nm) which ensures optimal

absorption of oxyhemoglobin and deoxyhemoglobin thus

making it possible to visualize the red blood cell. The

surrounding tissue mostly reflects the light, therefore cre-

ating contrast. Hereby it is possible to visualize the flowing

red blood cells in microcirculation through mucus mem-

branes and directly on the surface of solid organs at a depth

of approximately 1 mm.

In 1999, Groner et al. [1] introduced orthogonal polar-

ization spectral (OPS) imaging. The first commercially

available device using this OPS technique was called the
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Cytoscan� (Cytometrics, Philadelphia, USA). OPS imaging

uses polarizers to block surface reflection on tissues. The

second generation of handheld microscopes was based on

sidestream dark field (SDF) imaging. The illumination is

provided by surrounding a central light guide with concen-

trically placed light emitting diodes (LEDs). Hereby the lens

is less disturbed by tissue surface reflections [2]. The device

gives an analogue output which requires external analogue

to digital conversion for software analysis. The MicroScan�

was introduced in 2007 by MicroVision Medical (Amster-

dam, The Netherlands) and is the most commonly used

device for microcirculatory research. A similar device as the

Microscan but with a digital output able to connect directly

to a lap top computer was introduced by KK Technology

called the CapiScope [3].

Videomicroscopy has mainly been used in the adult

population and specifically in the intensive care setting.

Persistent microcirculatory alterations in the sublingual

area has been identified a predictor of adverse outcome [4,

5]. In the pediatric and neonatal population the micro-

circulation has been studied on a small scale. The small

size of patients and lack of cooperation makes it impos-

sible to measure the microcirculation sublingually. In

preterm neonates the reduced thickness of the skin allows

transcutaneous microcirculatory imaging. In observa-

tional studies using OPS imaging, the cutaneous micro-

circulation was described during transition [6], during

erythrocyte transfusion [7] and in term newborns suffer-

ing from asphyxia treated with whole body cooling [8].

These studies provided an important insight in the phy-

siology of the microcirculation in newborns. Other studies

measured the buccal microcirculation in patients with

septic shock [9] or hypoxemic respiratory failure [10, 11].

In line with studies in adults, the microcirculation proved

to be predictive for mortality in pediatric patients with

sepsis [9].

Recently a third generation handheld microscope has

been introduced called the CytoCam� (Braedius Medical,

Huizen, The Netherlands). This device is based on incident

dark field (IDF) imaging [12]. SDF optically isolates the

incoming light from the reflected whilst IDF according to

Sherman illuminates the field in a non-homogeneous

fashion according to darkfield. Technical improvements,

such as digital signal, lower weight of de device and higher

optical resolution, have been implemented to overcome

persisting limitations of the earlier devices. The technical

differences between the SDF and IDF technique are visu-

alized in Fig. 1 and summarized in Table 1. Our group

compared the new IDF technique (CytoCam) with the ex-

isting SDF technique (MicroScan) in preterm infants. We

hypothesized that the technical improvements would result

in higher quality images.

2 Methods

2.1 Study design and setting

This prospective observational study included patients ad-

mitted to the neonatal intensive care unit (NICU) of the

Erasmus MC-Sophia, a level III university children’s hos-

pital between November and December 2013. The local

medical ethical review board approved the study. Parental

written informed consent was obtained prior to the study

start.

2.2 Patients

In order to obtain a heterogeneous group, the inclusion

criteria in terms of gestational age and postnatal age was

wide. All hemodynamically stable patients born preterm

(GA\ 37 weeks) were eligible. An arbitrary cut-off point

for postnatal age was set at 6 weeks.

2.3 Microcirculatory imaging

The microcirculation was consecutively measured by SDF

imaging (MicroScan) and IDF imaging (CytoCam) at three

sites of the upper inner arm. The microcirculation was mea-

sured according to the round table guidelines as published by

De Backer et al. [13]. All videos were obtained by the same

operator. Randomized video sequences were analyzed offline

using dedicated software (Automated Vascular Analysis 3.0,

Academic Medical Centre, Amsterdam, the Netherlands).

Images obtained from theCytoCamwere exported in the same

video resolution (720 9 580) and surface area as the SDF

images (0.94 mm 9 0.75 mm). The observer was well-

trained and experienced with offline analysis. On all videos,

post-process contrast enhancement was applied. Thereafter

videos were blinded and anonymized so that the observer was

not aware of the used technique. An example of obtained

microcirculatory videos is shown in Fig. 2.

Total vessel density (TVD), perfused vessel density

(PVD), proportion of perfused vessels (PPV), were calcu-

lated for small (Ø B 10 lm) and non-small vessels

(Ø 11–100 lm) according to the guidelines [13]. For

determining the microvascular flow index (MFI) and

heterogeneity index (HI), each video sequence was divided

in four equally sized quadrants. Per quadrant the pre-

dominant type of flow was scored. MFI represented the

mean score of the predominant type of flow, and HI rep-

resented the difference between the highest quadrant and

the lowest quadrant score that is then divided by the mean

score of all quadrants for one measurement. For all other

scores, the average of the three video sequences per mea-

surement was taken. To quantify the quality of the videos,
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the microcirculation imaging quality score was applied

[14]. This score is based on six common image capture and

analysis problem areas: illumination, duration, focus,

content, stability and pressure. Each category is scored as

optimal (0 points), suboptimal but acceptable (1 point) or

unacceptable (10 points).

2.4 Statistical analysis

Normal distribution of the population could not be as-

sumed. Hereby the groups were compared using the Wil-

coxon signed rank test for paired continuous data. For

comparison of categorical data the Chi squared test was

used. Statistics were calculated using IBM SPSS 21. A two

sided p value\0.05 was considered statistically significant.

A Bland–Altman plot was created with the mean bias and

95 % limits of agreement.

Fig. 1 The conceptual differences between SDF and IDF imaging

Table 1 Technical overview of the SDF and IDF devices

SDF IDF

Dimensions

Length (mm) 206 190

Diameter (mm) 64 28

Weight (g) 347 110

Sensor

Pixel size (lm) 6.25 9 6.25 1.4 9 1.4

Number of megapixel 0.43 14.6

Pulse time (ms) 16 2

Optics

Resolution (lines per mm) 220 320

Magnification 5 4

Field of view (mm2) 0.84 1.79

Focusrange (lm) 0–400 0–400

Fig. 2 Frames of SDF (left) and IDF (right) microcirculatory videos
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3 Results

During the study period, a total of twenty patients were

enrolled resulting in 60 video images per device. Table 2

shows the demographic data of the included patients. All

patients were hemodynamically stable. Five patients

(25 %) were mechanically ventilated. Rectal temperature

was between 36.5 and 37.5 degrees Celsius in all patients.

Video images were obtained at a median postnatal age of

5 days (range 0–41 days).

The IDF technique visualized significantly more vessels

which resulted in a higher TVD (mean 16.9 vs. 14.1/mm

p\ 0.001). This was mainly because more small vessels

were visualized. The PPV was lower in the IDF group versus

the SDF group. This was seen in both small as non-small

vessels. The differences in TVD and PPV also resulted in a

significant higher PVD for small and total vessels (Table 3).

Figure 3 shows Bland–Altman plots of the TVD, PPV and

PVD. It demonstrates that the SDF structurally measures a

lower TVD and PVD and a higher PPV (mean bias TVD

-2.8 95 % limits of agreement 1.2 to -6.9; mean bias PPV

5.3, 95 % limits of agreement 18.4 to -7.9; mean bias PVD

-1.8, 95 % limits of agreement 2.1 to -5.7)

Table 4 shows the microcirculation imaging quality

score. In the majority of the video clips, the duration was

below 3 s and therefore scored 10 points. However, the

stability of the video clips was optimal (0 points). This was

for both the IDF as the SDF device. In the categories focus

and pressure, the majority of the IDF videos were optimal

(52/60) while the SDF video clips scored suboptimal

(1 point) in a much higher rate (37/60). This difference was

highly significant with a p value below .001. The per-

centage of artefacts in the category content was equal.

4 Discussion

This study demonstrates that the IDF device visualized

approximately 20 % more vessels and therefore provides a

higher TVD than the SDF device. The increased vessel

density visualized with the IDF device can be explained by

the improved imaging technology. Compared with the SDF

device, the IDF device signal is fully digital and contains a

high resolution sensor. A shortened pulse time (2 vs.

16 ms) creates more contrast and contours of the moving

red blood cells. The ergonomic improvements are probably

even more important for the higher quality of the images.

The low weight of the device (120 vs. 350 g) minimizes

pressure artefact problems. The focus control is integrated

in the computer software. This adjustment makes it easier

to determine the accurate focus and avoids disturbance of

camera handling during recording. These improvements

are likely to cause the differences in microcirculation im-

ages quality scores (Table 4). Especially in the category

focus, the IDF device produce higher quality video images.

Table 2 Demographic data of the population (n = 20)

Male Gender (%) 50

Gestational age (weeks) 27.6 (24–33.4)

Gestational age (weeks) 27.6 (24–33.4)

Birth weight in grams 1117 (470–2650)

Apgar score at 1 min 6 (1–9)

Apgar score at 5 min 8 (3–10)

Caesarean Section (%) 45

Antenatal corticosteroids (%) 75

Data are presented as median (range) or percentage

Table 3 Mean

microcirculatory parameters

total vessel density (TVD),

perfused vessel density (PVD),

proportion of perfused vessels

(PPV), microvascular flow

index (MFI) and heterogeneity

index (HI) for small and non-

small vessels measured by IDF

and SDF

IDF (SD) SDF (SD) Change (%) p value*

TVD small (n/mm) 14.8 (2.1) 12.5 (1.8) ?18.4 .001

TVD non-small (n/mm) 2.1 (1.1) 1.6 (1.1) ?31.3 .070

TVD total (n/mm) 16.9 (2.0) 14.1 (1.3) ?19.9 .000

PPV small (%) 88.0 (9.4) 93.6 (7.6) -5.6 .003

PPV non-small (%) 95.1 (8.4) 98.9 (2.2) -3.8 .023

PPV total (%) 88.7 (9.1) 93.9 (7.4) -5.2 .002

PVD small (n/mm) 13.0 (2.1) 11.6 (1.9) ?12.1 .033

PVD non-small (n/mm) 2.0 (1.1) 1.6 (1.1) ?25.0 .103

PVD total (n/mm) 15.0 (2.2) 13.2 (1.7) ?13.6 .001

MFI small (au) 2.78 (0.3) 2.75 (0.3) ?1.1 .621

MFI non-small (au) 3.00 (–) 3.00 (–) – –

HI small (au) 0.22 (0.19) 0.24 (0.18) -8.3 .650

HI non-small (au) 0.00 (–) 0.00 (–) – –

au = arbitrary units

* Wilcoxon signed rank test for paired continuous data
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This also applies to the category of pressure. The differ-

ence in PPV is therefore likely to be caused by the quality

of the images. Due to the suboptimal focus mechanism in

the SDF device, it sometimes may be difficult to accurately

judge the flow pattern and the presence of pressure arte-

facts. In a healthy patient the flow is most likely to be

undisturbed. In case of doubt, the flow in specific vessels

may therefore more likely to be judged positive.

To our best knowledge, this is the first paper reporting a

comparison between two microcirculation imaging tech-

niques in preterm infants. Second, it is the first paper

presenting the microcirculation quality scoring system for

cutaneous microcirculatory images. The scoring system

was based on the experience of investigators of the sub-

lingual microcirculation in an adult population. We fully

support this effort of quantifying and improving the re-

search field of the microcirculation. However, in the field

of pediatric and neonatal intensive care, most of the

patients are non-sedated and non-cooperative and therefore

the sublingual area is not feasible for microcirculatory re-

search. The buccal and cutaneous microcirculation are

good alternatives but the lack of patient cooperation still

makes it a challenge to obtain microcirculatory images that

fully meet the criteria of the microcirculation image quality

score, especially in the category ‘duration’. Obviously,

duration and stability of the video images go hand-in-hand.

The majority of our video images were perfectly stable but

below 3 s of length (10 points) and according to the

scorings system would be unacceptable for analysis. In our

view, the shorter length of the video images is inherent in

performing microcirculatory research in neonates and in-

fants. The other five categories of the scorings system is

fully applicable to buccal or cutaneous video images.

It must be said that the compared videos are not mea-

sured on the exact same spot as the skin of preterm infants

is too vulnerable for marking. The comparison of the two

devices is therefore not based on completely identical

video clips. Also, in the majority of the cases only three

movies where used for analysis. Since three movies is re-

liable for analysis [13], we did not want to burden the

preterm neonates further, as incubator- and thereby body

temperature can decrease to increased measurement time.

We do however think the results of this study reflect the

differences between the devices as the measured vessel

density was structurally higher in the IDF device compared

to the SDF device.

5 Conclusion

The IDF imaging device represents the third generation

hand held microscope visualizing the microcirculation.

Technical and ergonomic improvements, in comparison

with its predecessor SDF imaging, provides higher quality

images of cutaneous microcirculation in preterm infants.

Fig. 3 Bland-Altman for TVD, PPV and PVD comparing SDF with IDF

Table 4 The microcirculation image quality score for IDF (n = 60)

and SDF (n = 60) video images

Device Score 0 Score 1 Score 10 p value*

Illumination IDF 56 4 0 .032

SDF 48 12 0

Duration IDF 5 5 50 .238

SDF 6 11 43

Focus IDF 52 8 0 \.001

SDF 20 37 3

Content IDF 44 16 0 .838

SDF 43 17 0

Stability IDF 59 3 0 .648

SDF 58 2 0

Pressure IDF 59 1 0 \.001

SDF 44 16 0

* Chi squared test for categorical data
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This resulted in a higher TVD count and a more accurate

judgment of the red blood cell flow and PPV, making it a

promising technique for the use of microcirculatory ob-

servations in (preterm) newborns.

Conflict of interest Professor C. Ince has developed SDF imaging

and is listed as inventor on related patents commercialized by Mi-

croVision Medical (MVM) under a license from the Academic

Medical Center (AMC). He has been a consultant for MVM in the

past, but has not been involved with this company for more than

5 years now, except that he still holds shares. Braedius Medical, a

company owned by a relative of Professor Ince, has developed and

designed a hand held microscope called CytoCam-IDF imaging. Dr

Ince has no financial relation with Braedius Medical of any sort, i.e.,

never owned shares, or received consultancy or speaker fees from

Braedius Medical.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://

creativecommons.org/licenses/by/4.0/), which permits unrestricted

use, distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Groner W, Winkelman JW, Harris AG, Ince C, Bouma GJ,

Messmer K, Nadeau RG. Orthogonal polarization spectral

imaging: a new method for study of the microcirculation. Nat

Med. 1999;5(10):1209–12. doi:10.1038/13529.

2. Goedhart PT, Khalilzada M, Bezemer R, Merza J, Ince C.

Sidestream Dark Field (SDF) imaging: a novel stroboscopic LED

ring-based imaging modality for clinical assessment of the mi-

crocirculation. Opt Express. 2007;15(23):15101–14.

3. Dababneh L, Cikach F, Alkukhun L, Dweik RA, Tonelli AR.

Sublingual microcirculation in pulmonary arterial hypertension.

Ann Am Thorac Soc. 2014;11(4):504–12. doi:10.1513/Annal

sATS.201308-277OC.

4. Edul VS, Enrico C, Laviolle B, Vazquez AR, Ince C, Dubin A.

Quantitative assessment of the microcirculation in healthy vol-

unteers and in patients with septic shock. Crit Care Med.

2012;40(5):1443–8. doi:10.1097/CCM.0b013e31823dae59.

5. De Backer D, Donadello K, Sakr Y, Ospina-Tascon G, Salgado

D, Scolletta S, Vincent JL. Microcirculatory alterations in pa-

tients with severe sepsis: impact of time of assessment and re-

lationship with outcome. Crit Care Med. 2013;41(3):791–9.

doi:10.1097/CCM.0b013e3182742e8b.

6. Kroth J, Weidlich K, Hiedl S, Nussbaum C, Christ F, Genzel-

boroviczeny O. Functional vessel density in the first month of life

in preterm neonates. Pediatr Res. 2008;64(5):567–71. doi:10.

1203/PDR.0b013e318184134e.

7. Genzel-Boroviczeny O, Christ F, Glas V. Blood transfusion in-

creases functional capillary density in the skin of anemic preterm

infants. Pediatr Res. 2004;56(5):751–5. doi:10.1203/01.PDR.

0000141982.38959.10.

8. Ergenekon E, Hirfanoglu I, Beken S, Turan O, Kulali F, Koc E,

Gucuyener K. Peripheral microcirculation is affected during

therapeutic hypothermia in newborns. Arch Dis Child Fetal

Neonatal Ed. 2013;98(2):F155–7. doi:10.1136/archdischild-2012-

301647.

9. Top AP, Ince C, de Meij N, van Dijk M, Tibboel D. Persistent

low microcirculatory vessel density in nonsurvivors of sepsis in

pediatric intensive care. Crit Care Med. 2011;39(1):8–13. doi:10.

1097/CCM.0b013e3181fb7994.

10. Top AP, Ince C, van Dijk M, Tibboel D. Changes in buccal

microcirculation following extracorporeal membrane oxygena-

tion in term neonates with severe respiratory failure. Crit Care

Med. 2009;37(3):1121–4. doi:10.1097/CCM.0b013e3181962a5f.

11. Top AP, Ince C, Schouwenberg PH, Tibboel D. Inhaled nitric

oxide improves systemic microcirculation in infants with hy-

poxemic respiratory failure. Pediatr Crit Care Med. 2011;12(6):

e271–4. doi:10.1097/PCC.0b013e31820ac0b3.

12. Sherman H, Klausner S, Cook WA. Incident dark-field illumi-

nation: a new method for microcirculatory study. Angiology.

1971;22(5):295–303.

13. De Backer D, Hollenberg S, Boerma C, Goedhart P, Buchele G,

Ospina-Tascon G, Dobbe I, Ince C. How to evaluate the micro-

circulation: report of a round table conference. Crit Care.

2007;11(5):R101.

14. Massey MJ, Larochelle E, Najarro G, Karmacharla A, Arnold R,

Trzeciak S, Angus DC, Shapiro NI. The microcirculation image

quality score: development and preliminary evaluation of a pro-

posed approach to grading quality of image acquisition for bed-

side videomicroscopy. J Crit Care. 2013;28(6):913–7. doi:10.

1016/j.jcrc.2013.06.015.

J Clin Monit Comput

123

http://dx.doi.org/10.1038/13529
http://dx.doi.org/10.1513/AnnalsATS.201308-277OC
http://dx.doi.org/10.1513/AnnalsATS.201308-277OC
http://dx.doi.org/10.1097/CCM.0b013e31823dae59
http://dx.doi.org/10.1097/CCM.0b013e3182742e8b
http://dx.doi.org/10.1203/PDR.0b013e318184134e
http://dx.doi.org/10.1203/PDR.0b013e318184134e
http://dx.doi.org/10.1203/01.PDR.0000141982.38959.10
http://dx.doi.org/10.1203/01.PDR.0000141982.38959.10
http://dx.doi.org/10.1136/archdischild-2012-301647
http://dx.doi.org/10.1136/archdischild-2012-301647
http://dx.doi.org/10.1097/CCM.0b013e3181fb7994
http://dx.doi.org/10.1097/CCM.0b013e3181fb7994
http://dx.doi.org/10.1097/CCM.0b013e3181962a5f
http://dx.doi.org/10.1097/PCC.0b013e31820ac0b3
http://dx.doi.org/10.1016/j.jcrc.2013.06.015
http://dx.doi.org/10.1016/j.jcrc.2013.06.015

	Cutaneous microcirculation in preterm neonates: comparison between sidestream dark field (SDF) and incident dark field (IDF) imaging
	Abstract
	Introduction
	Methods
	Study design and setting
	Patients
	Microcirculatory imaging
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflict of interest
	References




