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Abstract
Background: The aim of the study was to detect differences in the conjunctival microcirculation between septic
patients and healthy subjects and to evaluate the course of conjunctival and retinal microvasculature in survivors and
non-survivors over a 24-h period of time.
Methods: This single-center prospective observational study was performed in mixed ICU in a tertiary teaching
hospital. We included patients with sepsis or septic shock within the first 24 h after ICU admission. Conjunctival imaging, using an IDF video microscope, and retinal imaging, using portable digital fundus camera, as well as systemic
hemodynamic measurements, were performed at three time points: at baseline, 6 h and 24 h. Baseline conjunctival
microcirculatory parameters were compared with healthy controls.
Results: A total of 48 patients were included in the final assessment and analysis. Median APACHE II and SOFA scores
were 16[12–21] and 10[7–12], respectively. Forty-four (92%) patients were in septic shock, 48 (100%) required mechanical ventilation. 19 (40%) patients were discharged alive from the intensive care unit. We found significant reductions
in all microcirculatory parameters in the conjunctiva when comparing septic and healthy subjects. In addition, we
observed a significant lower microvascular flow index (MFI) of small conjunctival vessels during all three time points
in non-survivors compared with survivors. However, retinal arteriolar vessels were not different between survivors and
non-survivors.
Conclusions: Conjunctival microvascular blood flow was altered in septic patients. In the 24-h observation period
conjunctival small vessels had a significantly higher MFI, but no difference in retinal arteriolar diameter in survivors in
comparison with non-survivors.
Trial registration NCT04214743, https://www.clinicaltrials.gov. Date of registration: 31 December 2019 – Retrospectively
registered, https://clinicaltrials.gov/ct2/show/NCT04214743
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Background
The eye is an organ site where the microcirculation can
be observed directly in a non-invasive way and such provides a unique opportunity to study changes in the microvasculature in various disease states. Both conjunctival
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and retinal microvessels may provide useful information
on onset, progression and prognosis of systemic diseases
(e.g., diabetes, hypertension, coronary heart disease) and
cerebral diseases (e.g., stroke, dementia) [1–7]. However,
data on changes in sepsis are limited.
Sepsis is associated with a high mortality worldwide
[8]. Microvascular alterations are considered a key characteristic of sepsis and its severity is related to morbidity and mortality [9–11]. In addition, microvascular
alterations improved over 24 h after the onset of shock in
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response to therapy in survivors but not in non-survivors
[12]. For practical reasons, changes of the human microcirculation during sepsis are predominantly evaluated
in the sublingual region using handheld microscopes,
including Sidestream Dark Field (SDF) imaging. Another
easily accessible spot, such as the conjunctiva, has only
been studied in animals during sepsis [13].
The retina and conjunctiva share a common origin of
circulation, since the ophthalmic artery originates from
the internal carotid artery and supplies both retina and
conjunctiva. In this way, microvascular changes in retina
and conjunctiva may be related to one another and both
conjunctiva and retina could be regarded as an alternative opportunity for the evaluation of systemic sepsisinduced microcirculatory effects. In combination with
the development of handheld digital fundus cameras for
retinal imaging, direct observation of the retinal vessels
is now also feasible at the bedside. In a previous study,
we demonstrated differences in retinal vessels between
healthy volunteers and septic patients [14].
The aim of this study was to detect potential differences
in the conjunctival microcirculation between septic
patients and healthy subjects and to evaluate the course
of retinal and conjunctival microvascular changes in survivors and non-survivors over a 24-h period.

Materials and methods
Setting and patients

This single-center prospective observational study was
performed between January 2018 and August 2019 in
an 18-bed mixed ICU of a tertiary teaching hospital
(The Hospital of Lithuanian University of Health Sciences). The study was approved by Kaunas Regional
Biomedical Research Ethics Committee (Ethics approval
number No. 2018/BE-2-18) and performed in compliance with the Helsinki Declaration. Written informed
consent was obtained from the patients or next-of-kin,
consistent with applicable laws. We registered this trial
retrospectively with ClinicalTrials.gov under the identifier NCT04214743.
We included patients with sepsis or septic shock within
the first 24 h after ICU admission [15]. Exclusion criteria
were psychiatric disorders, brain diseases, chronic alcoholism, autoimmune rheumatic and various ophthalmological diseases, such as glaucoma, age-related macular
degeneration, diabetic retinopathy, cataract and other
ocular surface disorders (dry eyes, keratopathy, ocular
infections).
Eye care in ICU patients with risk factors, such as
mechanical ventilation and sedation, consists of manual
closure of the eyes or lid taping along the lash margin,
when any conjunctival or corneal exposure is visible.
For all subjects, standard cleaning of the eyelids and
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surrounding skin with saline-soaked gauze was conducted twice daily. Eyes were examined daily for presence
of conjunctival or corneal disorders. When eye damage
occurred, an oculist was consulted. Before and after IDF
imaging of conjunctiva, instillation of eye drops was performed. No other medications were used for ocular surface before IDF imaging of the conjunctiva.
Patients with sepsis and septic shock were managed
according to the Surviving Sepsis Campaign guidelines
[16]. Systemic hemodynamic were monitored invasively
by measuring arterial blood pressure and other variables
with a transpulmonary thermodilution device (PiCCO®,
Pulsion Medical systems, Munich, Germany). Severity of illness according to acute physiology and chronic
health evaluation (APACHE) II score was calculated over
the first 24 h, and sequential organ failure assessment
(SOFA) score was calculated on inclusion. Conjunctival
and retinal imaging, as well as systemic hemodynamic
measurements, were performed at three time points: at
baseline, 6 h and 24 h. The control group consisted of 20
age-matched healthy volunteers with no reported ocular
pathology, diabetes, non-controlled hypertension or any
clinical eye-related complaint.
Evaluation of the conjunctival microcirculation

Conjunctival microcirculation images were obtained
using a Cytocam®-IDF device (Braedius Medical, Huizen,
The Netherlands). This device is technically and optically
optimized for visualization of the microcirculation on the
surfaces of organs. IDF imaging is based on the principle
that emitted green light (wavelength 530 nm) is absorbed
by the hemoglobin content in red blood cells. Therefore,
red blood cells are seen as black or gray bodies during
imaging. The vessel walls are not visualized, so vessels
can only be detected by the presence of red blood cells.
A validation study showed that Cytocam-IDF imaging
yielded better image quality than SDF imaging [17].
All conjunctival microcirculatory images were obtained
in accordance with a local research protocol, selecting
the nasal side of the conjunctival area. This allows steady
imaging by carefully using the patient’s nose as a resting
point for the hand of the camera operator. Selecting the
same conjunctival area is also done to avoid large variations in microcirculatory parameters [18, 19].
We followed published expert recommendations for
quality and analysis of obtained images [20].
Images from at least three areas were acquired and
stored on a computer.
Image clips were exported for analysis using validated
AVA® v3.0 software (Microvision Medical, Amsterdam,
The Netherlands) [21]. Investigators analyzed the video
clips offline in a blinded manner and in random order to
prevent coupling. Each image was divided into four equal
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quadrants. Flow in small vessels was classified semiquantitatively (no flow: 0; intermittent flow: 1; sluggish
flow: 2; continuous flow: 3). We calculated the microvascular flow index (MFI) as the sum of each quadrant
score divided by the number of quadrants in which the
vessel type was visible [22]. We calculated the total vessel density (TVD) of small vessels using the AVA software
package and a cut-off diameter for small vessels (mostly
capillaries) of < 20 μm. Proportion of perfused vessels
(PPV) of small vessels was computed by dividing the perfused small vessel length by the total length of small vessels. Perfused vessel density (PVD) of small vessels was
calculated by measuring the density of perfused small
vessels within the field of view (computed as proportion
of perfused vessels multiplied by total vessel density).
Images of ocular microvasculature at baseline in septic
patient are presented in Fig. 1. Examples of conjunctival
microcirculation are provided in the form of video files
(Additional files 1, 2, 3).
Fundus imaging and analysis

Twenty minutes after instillation of tropicamide (1%)
color optic disc photographs were taken in full mydriasis, using an Optomed Aurora (Optomed Oy, Oulu, Finland) digital fundus camera (field of view 50 degrees).
Measurements of vessel diameters were performed in the
right eye. When the right eye was not feasible, the assessment was carried out in the left eye. Image analysis was
performed using validated automatic retinal image analysis (ARIA) software [23]. At the end of the vessel analysis, ARIA produces a summary table with mean (± SD)
diameter and length of each vessel within the analyzed
area. Numbered vessels then were classified in arteries
and veins [24].
Diameters were obtained from the largest six arterioles
and venules coursing through an area of 0.5–1 disc diameter surrounding the optic disc (zone B). Based on the
revised Knudtson–Parr–Hubbard formula, the average
retinal arteriolar and venular caliber were calculated and
summarized as the central retinal arteriolar equivalent
(CRAE) and central retinal venular equivalent (CRVE)
[25]. Manual segmentation was performed using “Vampire” software. (The Manual vessel segmentation tool
is made available by the VAMPIRE group at vampire.
computing.dundee.ac.uk.) The density of manually segmented retinal vessels was calculated using ImageJ software: vascular length density = skeletonized vessel area/
total area * 100%.
Statistics

Primary aims of the study were the differences in MFI
in conjunctival small vessels between septic patients
and healthy controls and differences between survivors

Fig. 1 Images of ocular microvasculature at baseline in septic
patient: a conjunctival microcirculation, b manually segmented
retinal vascular networks of septic patient

and non-survivors. Secondary aim of the study was to
detect differences in CRAE of retinal vessels between
survivors and non-survivors. Considering detected
means and standard deviations in pilot observations we
estimated that a sample size should include at least 28
patients and 14 healthy controls (power 95%, alpha risk
5%) for all conjunctival microcirculatory parameters
when comparing septic patients to healthy volunteers,
and at least 12 patients in each group for MFI and PPV
of small vessels (power 80%, alpha risk 5%) when comparing survivors to non-survivors.
Data were analyzed with Statistical Package for Social
Sciences (SPSS 22 for Windows, Chicago, IL, USA).
Quantitative variables’ distribution was tested with a
Kolmogorov–Smirnov normality test. Since most of
the parameters showed a non-normal distribution,
data are presented as the median [interquartile range,
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IQR] and analyzed with non-parametric tests. Between
groups differences were tested with a Mann–Whitney
U test. Friedman test was done to assess the evolution
of microvascular parameters in each group followed by
a Wilcoxon test to evaluate intragroup evolution. Correlations were tested with a Spearman correlations test.
The predictive value on outcome of initial microvascular parameters was calculated using a receiver operator characteristic (ROC) curve, and the area under
the curve was computed. A p < 0.05 was considered
significant.

Results
Population characteristics

During the study period 76 patients were screened. Fiftyeight patients met all inclusion criteria. Ten patients were
excluded because of insufficient conjunctival or retinal
image quality for the baseline assessment. Hence, a total
of 48 patients were included in the final assessment and
analysis. Median time to inclusion was 12 h from ICU
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admission. Baseline characteristics of included patients
are shown in Table 1. Patients were predominantly male
(63%) with a median age of 67 years [54–77], a median
APACHE II score of 16[12–21] and a median SOFA score
of 10[7–12]. Forty-four (92%) patients were in septic
shock, 48 (100%) required mechanical ventilation. Nineteen patients (40%) were discharged alive from the intensive care unit.
Survivors had lower APACHE II and SOFA scores,
lower serum lactate concentrations, higher hemoglobin
levels and were younger in comparison to non-survivors.
We found no difference in the dose of initial vasopressor
agents between survivors and non-survivors, and similar
hemodynamic variables in both groups were observed at
the time of inclusion (Table 1).
Course of systemic hemodynamic parameters

We did not find a difference in mean arterial pressure between survivors and non-survivors during all
three measurements. In non-survivors, heart rate was

Table 1 Baseline characteristics of the study group and comparison between ICU survivors versus non-survivors
All patients (n = 48)

ICU Survivors (n = 19)

ICU Non-survivors (n = 29)

Age, years

67 [54–77]

58 [47–67]

75 [61–79]*

Male gender, n (%)

30 (63)

13 (68)

17 (59)

APACHE II score

16 [12–21]

13 [9–16]

18 [14–26]*

SOFA score at baseline

10 [7–12]

10 [6–11]

12 [9–13]*

Time after ICUadmission, h

12 [7–17]

12 [10–17]

13 [4–18]

Source of infection, n (%)
Lung

22 (46)

11 (58)

11 (38)

Abdomen

17 (35)

5 (26)

12 (41)

2 (11)

Urinary tract

6 (13)

Soft tissue

2 (4)

4 (14)

Miscellaneous

1 (2)

Heart rate, bpm

110 [86–131]

89 [77–116]

110 [86–131]

Mean arterial pressure, mmHg

73 [62–82]

77 [69–81]

73 [62–82]

Cardiac index, L/min/m2

3.0 [2.1–3.9]

2.9 [2.5–3.7]

3.0 [1.7–4.2]

Norepinephrine, n, mcg/kg/min

44, 0.24 [0.13–0.35]

17, 0.24 [0.08–0.32]

Epinephrine, n, mcg/kg/min

6, 0.09 [0.06–0.23]

2 (7)
1 (5)

Vasoactive drugs

Dobutamine, n, mcg/kg/min
Hemoglobin, g/L
White blood cells, n × 103/mmc

CRP, mg/L

1, 6.0 [6.0–6.0]
105 [90–124]

27, 0.28 [0.16–0.40]
6, 0.09 [0.06–0.23]
1, 6.0 [6.0–6.0]

109 [98–135]

98 [82–114]*

13.9 [7.8–19.2]

13.4 [7.2–17.7]

14.0 [8.7–19.9]

217 [151–282]

252 [139–324]

206 [161–257]

IL-6, pg/mL

1460 [511–4852]

1036 [459–4487]

1695 [511–4852]

IL-10, pg/mL

45 [9–135]

26 [8–220]

55 [11–154]

PaO2, mmHg

97 [80–135]

92 [82–110]

111 [71–148]

Arterial lactate, mmol/L

1.6 [1.1–3.6]

1.1 [0.9–1.5]

2.3 [1.5–4.9]*

Data are presented as median [IQR]
APACHE Acute Physiology and Chronic Health Evaluation, SOFA Sepsis-related Organ Failure Assessment, ICU intensive care unit, CRP c-reactive protein
*p < 0.05 between survivors and non-survivors
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significant higher after 24 h (116[98–127] vs. 96[77–
109 bpm, p = 0.019), noradrenaline dose was higher
after 6 h 0.29[0.19–0.40] vs. 0.20[0.10–0.30] mcg/kg/
min, p = 0.049) and 24 h (0.32[0.16–0.56] vs. 0.14[0.08–
0.32] mcg/kg/min, p = 0.047); lactate levels were
significant higher after 6 h (2.3[1.5–4.9] vs. 1.1[0.9–
1.5] mmol/L, p < 0.001) and 24 h (1.6[1.3–3.3] vs. 1.2[0.9–
1.6] mmol/L, p = 0.003) in comparison with survivors.
Primary aim of the study: evaluation of the conjunctival
microcirculation

We found significant reductions in all microcirculatory
parameters in the conjunctiva of septic patients when
compared to healthy subjects (Table 2). Throughout the
observation, we found a significant lower MFI of small
vessels during all three time points and significant lower
PVD of small vessels at 6 and 24 h in non-survivors compared with survivors (Table 3, Fig. 2). There was no difference in TVD and De Backer score of small vessels

between survivors and non-survivors during all three
time points. In non-survivors, we observed no significant changes in microcirculatory parameters over time.
However, survivors had a significantly improved MFI of
small vessels at 6 and 24 h compared to baseline (Table 3,
Fig. 2).
A ROC analysis showed that initial MFI and PPV
of small vessels were good predictors of ICU death
(AUC = 0.802, p = 0.001 and AUC = 0.821, p = 0.001,
respectively). The optimal cut-off for MFI was 2.33 (sensitivity 94.1%, specificity 65.2%) and for PPV 87.5% (sensitivity 82.4%, specificity 82.6%).
We found no correlations between conjunctival microcirculatory parameters and systemic hemodynamics during all three time points.
Secondary aim of the study: evaluation of retinal vessels

During the 24-h study period, we did not observe a significant difference between survivors and non-survivors in

Table 2 Differences in microcirculation parameters of conjunctiva between septic patients and healthy subjects
Microcirculation parameter
2

Septic patients (n = 48)

Healthy control (n = 20)

p
< 0.001

11.5 [9.2–14.4]

16.2 [13.2–21.9]

PVD (small), mm/mm2

9.4 [7.4–11.2]

16.1 [13.2–21.6]

< 0.001

De Backer score (small), n/mm

7.2 [5.7–9.0]

10.3 [7.6–13.9]

< 0.001

TVD (small), mm/mm

PPV (small), %

86.8 [79.5–92.4]

99.3 [98.2–100.0]

< 0.001

MFI (small), AU

2.42 [2.25–2.73]

3.00 [3.00–3.00]

< 0.001

Data are presented as median [IQR]
TVD total vascular density, PVD perfused vascular density, PPV Proportion of perfused vessels, MFI microcirculatory flow index

Table 3 Differences in microcirculation parameters between survivors and non-survivors
Microcirculation
parameter

ICU survivors

p

ICU non-survivors

p

Baseline (n = 19) 6 h (n = 19)

24 h (n = 19)

Baseline (n = 29) 6 h (n = 25)

24 h (n = 18)

Conjunctival TVD
(small), mm/mm2

11.3 [9.2–15.2]

10.6 [9.7–13.6]

11.7 [10.7–13.4]

0.481 12.7 [8.9–14.1]

10.1 [7.5–12.6]

9.7 [7.1–15.0]

0.794

PVD (small), mm/
mm2

10.0 [8.5–13.7]

10.2 [8.9–12.2]

10.9 [9.6–11.8]

0.257 8.5 [7.0–10.9]

7.6 [5.7–10.3]*

8.3 [5.6–11.4]*

0.735

De Backer score
(small), n/mm

7.4 [5.8–9.4]

6.7 [5.6–7.9]

7.0 [6.2–8.2]

0.526 7.0 [5.7–8.9]

6.5 [4.5–7.9]

5.9 [4.1–8.8]

0.500

94.4 [88.9–97.5]

Conjunctival

PPV (small), %

91.5 [88.5–93.2]

92.5 [88.4–95.3]

0.191 80.6 [70.8–87.3]*

80.8 [70.2–89.3]*

84.1 [72.0–90.1]* 0.735

MFI (small), AU

2.58[ 2.46–2.83]

2.87 [2.64–2.93]a 2.92 [2.65–3.00]a 0.004 2.25 [1.75–2.50]*

2.25 [1.98–2.59]*

2.50 [2.05–2.59]* 0.640

Retinal
CRAE, μm

164 [151–189]

166 [152–194]

162 [148–182]

0.344 170 [154–188]

162 [146–175]

175 [147–195]

0.420

CRVE, µm

267 [240–302]

288 [254–306]

266 [236–281]

0.627 245 [223–281]

250 [236–282]*

262 [222–287]

0.627

Vascular length
density, %

0.52 [0.43–0.63]

0.55 [0.49–0.60]

0.50 [0.42–0.59]

0.766 0.50 [0.44–0.56]

0.43 [0.40–0.56]*a 0.46 [0.39–0.55]a 0.188

Data are presented as median [IQR]
TVD total vascular density, PVD perfused vascular density, PPV proportion of perfused vessels, MFI microcirculatory flow index, CRAE central retinal arteriolar
equivalent, CRVE central retinal venular equivalent
*p < 0.05 between survivors and non-survivors; ap < 0.05 in comparison with baseline
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b

*

#

*

#

*

2.0

1.0

0.0

Baseline

6 hours

c

*

15.0
10.0
5.0
0.0

Baseline

6 hours

100.0

24 hours

*

*

*

Survivors
Non-survivors

80.0
60.0
40.0
20.0
0.0

24 hours

*

20.0

PPV of small vessels, %

3.0
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TVD of small vessels, mm/mm2

PVD of small vessels,mm/mm2

Microvascular flow index

a

(2020) 10:38

Baseline

6 hours

24 hours

Baseline

6 hours

24 hours

d
25.0
20.0
15.0
10.0
5.0
0.0

Fig. 2 Box plots demonstrating the time course of microcirculatory perfusion parameters in survivors and non-survivors: a microvascular flow
index; b proportion of perfused vessels (PPV) of small vessels; c perfused vessels density (PVD) of small vessels; d total vessel density (TVD) of small
vessels. *p < 0.05 between survivors and non-survivors; #p < 0.05 in comparison with baseline

CRAE. Only at 6 h we observed significant lower CRVE
and lower retinal vascular length density in non-survivors compared with survivors (Table 3). Furthermore,
non-survivors had significantly lower retinal vascular
length density at 6 and 24 h compared to baseline.
Association between retinal vascular parameters
and conjunctival microcirculatory parameters

In septic patients we found no correlations between
CRAE, CRVE, vascular length density and conjunctival
microcirculatory parameters at baseline and after 24 h
(Additional file 4). However, after 6 h we detected significant correlations between TVD, PVD, DeBacker score
and CRAE ( rs = 0.51, rs = 0.46, rs = 0.46, p < 0.05, respectively) as well as between MFI, PPV and vascular length
density ( rs = 0.45, rs = 0.56, p < 0.05, respectively).

Discussion
To our knowledge, we are the first to describe changes
over time of conjunctival and retinal microvascular parameters in patients with sepsis. First, we found
that patients with sepsis had decreased conjunctival

microcirculatory parameters in comparison with agematched healthy controls. This is partly in line with the
results from animal studies [13, 26]. In these studies,
we and others demonstrated a decreased microvascular flow and reduced perfused small vessel density, but
not total small vessel density in the conjunctival microcirculation during very early septic shock. In contrast
to animal studies, in this study we found a decrease in
total small vessel density in septic patients, suggesting
that some vessels did not contain red blood cells. Such
difference in the observations of total small vessel density may be explained by the longer lag-time between
the onset of sepsis and the start of the observations
compared to the animal studies. However, our study
lacks a control group such as other critically ill patients
also under mechanical ventilation and sedation but
without sepsis. Therefore, it is not possible to confirm
that changes in total small vessel density are strictly
related to a longer lag-time between the onset of sepsis and the time of measurement. Alternatively, changes
may be related to other etiologies.
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The microcirculation is predominantly studied in the
sublingual mucosa using SDF imaging. De Backer [9]
with colleagues were the first to demonstrate that all
microcirculatory parameters, including total small vessel density, in the sublingual mucosa are decreased in
patients with sepsis. In addition, subsequent studies
showed that sublingual microcirculatory alterations are
more severe in non-survivors than in survivors [10] and
that the proportion of perfused small vessels improved
over time in response to therapy in survivors but not in
non-survivors [12]. Our results in the ocular conjunctiva
are partially consistent with those of the published studies in the sublingual mucosa. We found that survivors
in comparison with non-survivors had a higher proportion of perfused small vessels, a higher microvascular
flow index and a higher perfused small vessels density
after 6 and 24 h. In survivors, but not in non-survivors,
we observed an increase in microvascular flow index
over time. However, we did not observe such difference
between survivors and non-survivors in the proportion of perfused small vessels. Such discrepancy may be
explained by the fact that microvascular flow index more
encompasses convective flow, while the proportion of
perfused small vessels is predominantly a marker of diffusion distance. In general, comparison between different
vascular beds is more cumbersome in case of parameters
of vascular density, but not flow, due to the specific anatomical characteristics of the vascular beds.
Our observations in the conjunctival microcirculation
were not matched by the observed absence of significant
differences in CRAE between survivors and non-survivors in retinal vessels. We previously reported signs of
arteriolar vasodilation with decreased vascular density in
septic patients as compared to healthy controls [14]. It is
key to understand that retinal fundoscopy enables static
detection of blood vessels with larger diameter than capillaries with IDF imaging. This may well explain why the
two vascular beds behave differently under conditions of
sepsis, despite the fact that changes in density of small
conjunctival vessels are mirrored by arteriolar changes in
the retina, as expressed by weak but significant correlation coefficients. In this way, retinal vascular length density may not fully represent diffusion capacity.
We did not detect any conjunctival lesions associated
with IDF imaging in both patients and healthy volunteers.
We did not use a local anesthetic to prevent additional
effects on the microcirculation in the conjunctiva. The
difficulties of the conjunctival imaging are related to eye
movements, patient body movements during mechanical
ventilation and the curvature of the ocular wall. We used
the patients’ nose as an accessible support for IDF imager
but we were not always able to avoid subtle motion artifacts during IDF imaging. In these cases, we reduced
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motion artifacts during offline video editing. To minimize the mechanical impact of videomicroscopy on the
ocular conjunctiva, we reduced the number of repeats
to a minimum and shortened the IDF image recording
time. We also observed that difficulties in removing pressure artifact are related to the severity of the shock and/
or the presence of hypovolemia, or the presence of the
dry eye. The eyelids protect the eyes from external influences. Practically conjunctival evaluations may be useful
when we are unable to perform a sublingual microcirculatory evaluation, such as in cases of oral trauma or local
abscess, or when we have other goals, for example, when
evaluating local microcirculation or brain perfusion.
However, further studies are needed to determine this.
The main disadvantage of conjunctival IDF imaging is the
need for good collaboration or sedation.
This study has several other limitations. Our study may
have an insufficient sample size to compare differences
in the evolution of microvascular changes in conjunctiva
and retina over time with clinically relevant endpoint,
such as mortality, also due to the considerable number of
patients lost to follow-up due to death.
Retinal vessel length density data are dependent on
the quality of the retinal photographs and disc centering. However, we made a surplus of images and excluded
non-gradable photographs.
We included patients within 24 h from ICU admission
and observed the ocular microcirculation three times
within 24 h, which may possibly limit the ability to detect
all changes in microcirculation. However, in our study
median time of patients’ inclusion was 12 h, and previous studies demonstrated that changes affecting mortality occur within the first 24 h from ICU admission [10].
Although we did not observe obvious signs of dry eyes
in our patients, we cannot rule out subtle lesions due to
hyperemia or swelling. Studies using a functional slitlamp biomicroscope showed increased blood flow velocity, higher vessel density and larger vessel diameter in
the bulbar conjunctiva of patients with dry eyes [27–29].
However, according to the literature most ocular surface
disorders in the ICU develop after the inclusion period of
the study, i.e., 48–72 h after ICU admission and are often
related to lagopthalmos, or incomplete eyelid closure,
which was prevented by our daily eye care protocol [30].
This means that the likelihood of ocular surface disorders
due to external factors within the first 24 h is low.
The ocular microcirculation was not compared to
the sublingual microcirculation and thus it is impossible to determine whether the conjunctival microcirculation is superior to or different from the sublingual
microcirculation.
Many studies have been performed with the use of the
topical agent tropicamide. However, to our knowledge,
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we were the first who start the studies using a handheld
fundoscope in an ICU environment. Pupil dilation is performed to facilitate better illumination and image capture
from the retina. It is very important in ICU environment,
where difficulties in retina image registration are due
to the patient’s lying position. Furthermore, in the ICU
setting it is not possible to create a fully shaded environment and patients are sedated; therefore, they cannot
capture the look. Mydriasis with tropicamide is produced
within 20 min of instillation and usually lasts for about
6 h. Only few clinical studies were available up to now,
investigating the effect of anti-muscarinergic (e.g., tropicamide) agent [31–34]. Tropicamide has been reported
to increase retinal arteriolar and venular vasoconstriction
and produce a short lasting 30% decrease in parapapillary
retinal blood flow [31], although other studies could not
detect any changes due to tropicamide in healthy subjects [33, 34]. The effect of tropicamide on the conjunctival microcirculation has not been studied. In our study,
we first investigated microcirculation of the conjunctiva
and then instillated tropicamide for retinal examination
for all patients. Also, the intervals between the eye evaluations are greater than 6 h.
We did one eye evaluation to avoid losing of the relation between the conjunctiva and the retina, if any exist,
and for reducing imaging time. However, measurements
in both eyes may provide more information about microcirculation of the conjunctiva.

Conclusions
Microcirculatory perfusion in the conjunctiva was
altered in septic patients as compared to healthy controls.
Evaluation over 24 h revealed that survivors have a higher
microcirculatory flow with an incremental improvement
of microvascular flow index over time in comparison
with non-survivors. However, we were unable to demonstrate differences in arteriolar retinal vessels between
survivors and non-survivors. IDF imaging is feasible tool
to assess the microcirculation of the conjunctiva in septic
patients.
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Additional file 3. A video clip file showing altered microcirculation in the
conjunctiva in a patient with septic shock (2208x1648 resolution video file
exported from IDF imaging device).
Additional file 4. Correlations between retinal and conjunctival microcirculatory parameters at baseline and after 24 h.
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