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Intestinal perfusion after cardiac surgery

Abstract

Introduction. 
Hemodynamic changes, related to on-pump cardiac surgery, have been reported to impair 

intestinal perfusion. Intestinal tonometry has been the only clinical available monitoring 

reported to detect splanchnic ischemia. We tested the hypothesis that splanchnic ischemia 

may be associated with splanchnic microcirculatory alterations. To this end we used 

Sidestream Dark Field (SDF) imaging in combination with rectal tonometry at the same time-

point to investigate if rectal microcirculatory alterations occur with splanchnic ischemia as 

detected by rectal tonometry following elective cardiac surgery.

Methods. 
A single-centre prospective observational study was conducted in postoperative elective 

cardiac surgery patients, within 30 minutes after ICU admittance. In group 1(n=28) 

simultaneously SDF imaging and automated gas tonometry was performed in the rectal 

pouch. In group 2 (n=10) sublingual SDF was performed.

Results. 
In the rectal pouch median Microvascular Flow Index (MFI) was 3(3-3) and proportion of 

perfused vessels (PPV) 85% (72-93). Median rectal-to-arterial partial carbon dioxide pressure 

difference was 0.2 (-0.2-1.1) kPa; 6 (21%) patients had a ΔP
CO2

 > 1.1 kPa, among them 2 (7%) > 

1.4 kPa. In the sublingual region median MFI was 3(3-3); median PPV was 99% (97-100) and 

higher in comparison to rectal PPV, p = 0.001.

Conclusions. 
Simultaneous SDF-imaging and automated gas tonometry in the rectal pouch seems 

feasible in postoperative sedated patients. Despite many hemodynamic changes during 

elective on-pump cardiac surgery, the observed incidence of SDF-derived microcirculatory 

alterations in combination with elevated rectal-to-arterial pCO
2 

gap, was found to be low in 

the early postoperative ICU-period in this patient group. Extending microcirculatory in-vivo 

observation to the sublingual region did not disclose marked discordance of microcirculatory 

blood flow between the different microvascular beds.

Trial registration. 
ClinicalTrials.gov NCT00547859
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Introduction 

During on-pump cardiac surgery patients are subject to a number of hemodynamic changes, 

associated with intestinal hypoperfusion [1]. With the exception of controlled hypotension 

[2], hemodilution [3], hypothermia [4], shifts from pulsatile to continuous blood flow [5], 

systemic inflammation [6,7] and use of vasopressors [8] have all been reported to impair 

intestinal perfusion, as a result of distributive flow alterations. Until recently, intestinal 

tonometry was the only clinical available monitoring device to detect splanchnic ischemia. 

Application of this technique in stomach and rectal pouch [9,10] and combination with 

intestinal endoluminal microdialysis [11] appeared to be feasible. Although the presence of 

splanchnic ischemia is of predictive value for postoperative complications in cardiac surgery 

[12-14], practical drawbacks as well as the need for a more fundamental understanding 

of gastro-intestinal pathophysiology, have hampered the use of tonometry as routine 

monitoring tool [15]. 

Over the last year’s direct in-vivo observation of the microcirculation, by means of Orthogonal 

Polarization Spectral imaging and its technical successor Sidestream Dark Field (SDF) 

imaging, has become available at the bedside [16,17]. Application of these techniques in 

rectal pouch [18] and surgical intestinal stoma’s [19], as well as combination with gastric and 

intestinal capnometry [20,21] has been described. SDF-derived detection of heterogeneous 

microcirculatory blood flow abnormalities, as a result of distributive flow alterations 

in sepsis, is now well established [22]. However, little is known about the incidence of 

such intestinal flow alterations in relation to cardiac surgery. Several reports indicate the 

(transient) presence of sublingual microcirculatory alterations during cardiopulmonary 

bypass [23-25]. Whether these data also apply for the intestinal tract is unknown.

We tested the hypothesis that splanchnic ischemia may be associated with splanchnic 

microcirculatory alterations after cardiopulmonary bypass. To this end we used rectal 

Sidestream Dark Field (SDF) imaging in combination with rectal tonometry at the same 

time-point to investigate if rectal microcirculatory alterations occurs with splanchnic 

ischemia as detected by rectal tonometry following elective on-pump cardiac surgery.

Material and methods
 

Setting and patient selection. 
The study was performed between November 2007 and April 2008 in a closed-format 22-

bed mixed ICU in a tertiary teaching-hospital. It was designed as a prospective, single 

centre, observational, clinical trial and registered with ClinicalTrials.gov NCT00547859. 

Group 1 consisted of patients of at least 18 years of age scheduled for coronary artery bypass 

grafting and/or cardiac valve surgery with cardiopulmonary bypass (CPB). Patients with 

a medical history of potential influence on the vascularisation of the recto-sigmoid area 

(operation, local radiotherapy, inflammation) were excluded. Patients with considerable 
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fecal contamination of the rectal pouch at the time of measurement were also excluded. 

After analysis of the initial results group 2 was added to the study, in order to compare rectal 

SDF imaging with the more commonly reported sublingual SDF imaging. For this second, 

post-hoc group, the same inclusion criteria were applicable, with the exception of the rectal-

pouch-specific contraindications. Availability of a member of a group of 2 investigators, 

trained in SDF imaging and tonometry, was a leading premise during the study period. A 

local ethical and scientific committee approved of the study protocol and written informed 

consent was obtained from patients preoperatively, according to applicable laws. 

Anesthesia, CPB and peri-operative management. 
Anesthesia was intravenously induced with sufentanil 1-2 μg/kg, midazolam 0.1 mg/kg 

and rocuronium 0.1-0.5 mg/kg. In case of poor left ventricle function enoximone 0.25 mg/kg 

was added. Dexamethasone 1 mg/kg was administered to all patients. An 8.5 Fr four-lumen 

lumen central venous catheter ( BD Careflow, BD medical Systems, Singapore, Singapore) 

was inserted into the right internal jugular vein. In case of a poor right or left ventricle 

function or cardiac valve operation a pulmonary artery catheter (Vigilance®, Edwards 

Lifesciences, Saint-Prex, Switzerland) was inserted. During the operation intranasal, rectal 

and skin temperature was monitored. Maintenance of anesthesia during the operation 

was achieved with sufentanil 1ug/kg, sevoflurane (1.5-3%) during pre-bypass period and 

propofol during CPB period. After standard median sternotomy, aortic root and right 

atrial cannulation, non-pulsatile CPB with a heart-lung machine (HL-30, Maquet Jostra 

Medizintechnik AG, Hirrlingen, Germany) was established at a target systemic blood 

flow of 2.7 litre min-1 m-2 and adjusted at a minimum central venous saturation of 65% . 

Surgery was performed under mild hypothermia (32-34 °C). After aortic cross-clamping 

crystalloid or blood cardioplegia was administered depending on the attending surgeon. 

Arterial perfusion pressure was kept between 50 and 70 mmHg, using phenylephrine if 

necessary. Anticoagulation was established with heparin (300-400 IE/ kg) intravenously, 10 

minutes before initiation of CPB. Target activated clotting time was 450 sec. At the end of 

CPB, anticoagulation was antagonized with protamine intravenously (1.33 x initial heparin 

dose). Hematocrit was kept above 0.20. Postoperative patients received routine institutional 

ICU-treatment including tight glucose control and low tidal volume during initial pressure 

control ventilation, aiming at early extubation unless clinically unwarranted. 

Tonometry. 
Within 30 minutes after ICU admittance data were obtained. For measurement of regional 

carbon dioxide production in the intestinal wall an 18F tonometric catheter (Tonometrics®, 

Datex-Ohmeda, Helsinki, Finland) was placed into the rectal pouch blindly, after manual 

exclusion of considerable fecal contamination. Use of enema and lubricating gel was avoided. 

Following insertion of the catheter into the rectal pouch a sampling line was connected to 

the automated air tonometry system (Tonocap®, Datex-Ohmeda, Helsinki, Finland). After 10 
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minutes air-filled equilibration, rectal pCO
2
 (Pr

CO2 
) was sampled and analyzed automatically, 

using infrared spectroscopy. At the same time arterial blood gas analysis was performed for 

arterial pCO
2 

(Pa
CO2

) measurement. CO
2 

gap (ΔP
CO2

) was calculated as Pr
CO2 

- Pa
CO2

.

SDF-imaging and analysis procedure. 
Directly after measurement of Pr

CO2
 SDF imaging was performed. SDF is a stroboscopic 

light emitting diode ring-based imaging modality, incorporated in a hand-held device, that 

illuminates an area of interest for the clinical observation of the microcirculation and is 

validated in comparison with its technical predecessor orthogonal polarization spectral 

imaging [17]. If a wavelength within the haemoglobin absorption spectrum (e.g. 530 nm) is 

chosen, red blood cells will appear dark and white blood cells may be visible as refringent 

bodies. The vessel walls are not visualized directly and its imaging therefore depends on the 

presence of red blood cells. Semi-quantitative analysis was performed as described in detail 

elsewhere [26]. In short, a minimum of 3 steady images of at least 20 seconds were obtained 

from the sublingual region by a separate research investigator, other than the attending 

physician. After gentle removal of saliva/faeces by irrigation with isotonic saline and 

avoiding pressure artefacts, images were obtained and stored on digital videotape (SONY 

video walkman GV-D 1000E®, Sony, Tokyo, Japan). Subsequently, images were captured in 

5-10 second representative video clips in avi format (sonyDVgate®, Sony, Tokyo, Japan). Video 

clips were analyzed off-line blindly by an investigator not involved in data collection and in 

random order to prevent coupling between images. SDF images were obtained from three 

different locations within the region of interest, and each image is divided into 4 equal 

quadrants. Quantification of flow (no flow: 0, intermittent flow: 1, sluggish flow: 2 and 

continuous flow: 3) was scored per quadrant. In the sublingual region this was performed 

for small vessels ( < 20 μm); due to its anatomy (crypts), the microvascular bed in the rectal 

pouch only consists of small vessels. The score, called microvascular flow index (MFI), is the 

sum of each quadrant-score, divided by the number of quadrants in which the vessel type 

is visible. The overall MFI is an average score over a maximum of 12 quadrants (3 regions 

times 4 quadrants per region) derived from the overall flow impression of all vessels with a 

particular range of diameter in a given quadrant. Proportion of perfused small vessels (PPV) 

in the sublingual region was defined as percentage of crossings with perfused small vessels 

per total length of 3 equidistant horizontal and 3 equidistant vertical lines, in accordance 

with reports of a round table conference [27]. Since crypts are well defined microvascular 

units, as opposed to a microcirculatory network in the sublingual region, PPV in the rectal 

pouch was adapted as the percentage of perfused crypts, divided by the total number of 

crypts x 100%. Vessels density parameters were considered inapplicable to the rectal 

microvasculature.
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Protocol and data collection. 
Demographic data, CPB and aortic cross-clamp duration, lowest hematocrit and use of 

vasopressor/inotropic agents during operation were documented. In hospital mortality was 

predicted using the European System for Cardiac Operative Risk Evaluation (Euro SCORE) 

[28]. Systemic hemodynamic assessment was obtained by continuous invasive monitoring 

of arterial blood pressure and central venous catheterisation. During the time of tonometry 

and SDF-imaging blood for standard laboratory tests, including blood gases, arterial lactate 

concentrations and central venous oxygen saturation was sampled. Number of days of 

mechanical ventilation, ICU- and hospital length of stay as well as in-hospital mortality 

were documented.

Statistical analysis. 
Data are presented as median and interquartile ranges (IQR). The statistical package 

for social sciences (SPSS 15.1 for Windows, Chicago Illinois, USA) was used for statistical 

analysis. For comparison between groups a non-parametrical test (Mann-Whitney) was 

used because of a small number of patients. A two-sided p value of < 0.05 was considered 

statistically significant. 

Results

In group 1 (rectal SDF/tonometry, n=28) 50 patients were screened for eligibility; 3 patients 

withheld informed consent, 2 patients had a history of rectocolitis and 17 were excluded, 

due to faecal contamination of the rectal pouch. In group 2 (sublingual SDF, n=10) all 

eligible patients were enrolled. Baseline characteristics and clinical data of both groups 

are summarized in table 1. In group 1 six patients were mechanically ventilated for more 

than 1 day; 4 because of primary respiratory failure, 2 as a consequence of heart failure. 

In group 2 one patient developed multiple organ failure after resternotomy for cardiac 

tamponade. Abdominal complications were not reported and all patients survived to 

hospital discharge. 

Results are summarized in table 2. In the rectal pouch incidence of microcirculatory flow 

alterations was almost absent: median MFI was 3(3-3). Median PPV, as parameter of 

microcirculatory perfusion, was 85% (72-93). Rectal tonometry detected elevated intestinal 

CO
2 
production in a minority of patients. Median ΔP

CO2 
was 0.2 (-0.2-1.1) kPa; 6 (21%) patients 

had a ΔP
CO2

 > 1.1 kPa, among them 2 (7%) > 1.4 kPa.

In the sublingual region SDF-imaging did not detect microcirculatory flow alterations: 

median MFI 3(3-3). Median PPV in the sublingual region was 99% (97-100); this was 

significantly higher in comparison to median rectal PPV, p = 0.001.
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Table 1. Baseline characteristics and clinical data.

Variables Group 1(n=28) Group 2(n=10) p Value

Men, n(%) 25(89) 8(80) 0.46
Age 64(59-72) 71(64-71) 0.14
EuroSCORE 3.5(2-5) 5(2-8) 0.42
APACHE II 12(10-16) 12(9-14) 0.51
SOFA 4(3-5) 4(3-4) 0.49
CPB duration, min 122(87-142) 103(72-123) 0.25
Aorta cross-clamp time, min 81(58-90) 77(53-85) 0.59
Lowest hematocrit during CPB, % 25(23-27) 23(22-26) 0.33
Type of operation, n(%)

CABG alone
Heart valve surgery
CABG + heart valve surgery 

25(89)
2(7)
1(4)

7(70)
1(10)
2(20)

-
-
-

Mechanical ventilation, days 1(1-1) 1(1-1) 0.66
ICU stay, days 1(1-2) 1(1-1) 0.42
Postoperative in-hospital stay, days 6(5-9) 7(4-14) 0.68
Hospital mortality, n(%) 0(0) 0(0) -

EuroSCORE, European System for Cardiac Operative Risk Evaluation; APACHE, Acute Physiology And 

Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; CPB, CardioPulmonary Bypass; 

CABG, Coronary Arterial Bypass Grafting. Data are presented as median (IQR) unless stated otherwise. 

Group 1, rectal SDF/tonometry; group 2, sublingual SDF. 

Table 2. SDF imaging/tonometric parameters and simultaneous hemodynamic variables.

Variables Group 1(n=28) Group 2(n=10) p Value

Mean arterial pressure, mmHg 82(75-90) 79(70-90) 0.33
Heart rate, beats/min 90(90-93) 98(90-104) 0.02
Central venous pressure, mm Hg 10(7-12) 7(6-10) 0.04
Central venous oxygen saturation, % 72(66-75) 71(61-74) 0.73
Use of inotropes, n(%) 4(14) 1(10) -
Use of vasopressors, n(%) 7(25) 1(10) -
Use of intravenous nitroglycerin, n(%) 16(57) 8(80) -
Central (oesophagus) temperature, °C 36(35-36) 36(36-37) 0.002
Hematocrit, % 28(26-29) 29(25-33) 1.0
Arterial lactate concentration, mmol/L 2.4(1.7-3.2) 2.2(17-3.9) 0.69
Microvascular Flow Index 3(3-3) 3(3-3) 0.37
Proportion of Perfused Vessels, % 85(72-93) 99(97-100) 0.001
ΔP

CO2
, kPa 0.2(-0.2+1.1) - -

SDF, Sidestream Dark Field; ΔP
CO2

, rectal - arterial carbon dioxide partial pressure. Data are presented as 

median (IQR) unless stated otherwise. Group 1, rectal SDF/tonometry; Group 2, sublingual SDF. 
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Discussion

The incidence of microcirculatory flow alterations in the rectal pouch of on-pump 

postoperative cardiac surgery patients was very low. The observed MFI is in line with 

previously reported intestinal microcirculatory blood flow in healthy controls [19]. Rectal 

PPV, as parameter of perfusion, was significantly lower in comparison to sublingual PPV. 

Previously reported sublingual PPV for healthy controls was within the same range as in 

this study [29]. This might indicate that, after CPB-supported cardiac surgery, intestinal 

microcirculatory perfusion is more susceptible to alterations than microcirculatory blood 

flow. However, the observed absence of elevated ΔP
CO2 

seems to indicate that critical perfusion 

deficits, leading to tissue dysoxia, are unlikely to persist in the postoperative period. Post-

hoc addition of group 2, in which sublingual SDF-derived microcirculatory alterations were 

almost absent as well, makes gross heterogeneity between different microvascular beds, as 

observed in sepsis [19], less probable. 

The observed rectal tonometry results seem to be in agreement with an earlier report. Fisher 

et al. observed a mean rectal-to-arterial pCO
2 

gap of 2 kPa within a 4 hour postoperative 

period in cardiac surgery patients [10]. In a comparable patient group the median 

postoperative gastric-to-arterial pCO
2 

gap was 0.8 (0.13-1.46) kPa [14]. This seems to be in 

discordance with an earlier reported 70% incidence of elevated ΔP
CO2 

(> 1.1 kPa), detected 

by gastric tonometry in postoperative elective cardiac surgery, with a predictive value for 

postoperative complications [13]. However, direct comparison between rectal and gastric 

tonometry revealed poor agreement, both in cardiac [10] and general pediatric surgery [9]. 

Local elevated pCO
2 
levels, as a result of enteral luminal gas production have been suggested 

as a major source for this disagreement. In the presented study, performance of simultaneous 

rectal tonometry and direct in-vivo observation of the microcirculation with SDF in the 

same vascular compartment, appeared to be feasible and adds to the understanding that 

the observed low incidence of increased ΔP
CO2

 truly reflects adequate rectal microcirculatory 

blood flow. It is of note that this does not rule out intestinal organ failure as a result of 

hypoxic hypoxia, as both tonometry [30] and SDF-imaging may fail to detect this. Hypoxic 

hypoxia, as a result of hemodilution, may therefore explain a previously observed increase 

of rectal endoluminal lactate levels during and after routine cardiac surgery [11], rather 

than microcirculatory flow alterations. 

There are several limitations to the study. Semi-quantitative assessment of microcirculatory 

blood flow and perfusion entails the risk of losing delicate details. Furthermore, 

measurement of SDF-derived parameters related to capillary density, as suggested for 

optimal microcirculatory assessment [27], has not yet been validated for rectal mucosa. We 

specifically designed the study to perform SDF-imaging and tonometry simultaneously in 

the same compartment, but this also limits the scope of the data, both in space and time. 

We tried to extend this by sublingual SDF-imaging in a second group, with the risk of 

introducing imbalances between groups. However, simultaneous data acquisition in both 
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compartments is practically impossible and devices for clinical sublingual tonometry are 

not commercially available. Rectal SDF-imaging during CPB was considered practically 

infeasible. Due to lack of extremes, both in SDF and tonometry parameters, correlations 

between the two techniques and/or clinical outcome could not be determined.

Conclusions

Despite many hemodynamic changes during elective on-pump cardiac surgery, the observed 

incidence of SDF-derived microcirculatory alterations in combination with elevated rectal-

to-arterial pCO
2 

gap, appeared to be low in the early postoperative ICU-period in this 

patient group. Extending microcirculatory in-vivo observation to the sublingual region 

did not disclose marked discordance of microcirculatory blood flow between the different 

microvascular beds. Simultaneous SDF-imaging and automated air tonometry in the rectal 

pouch seems feasible in postoperative sedated patients.

Key messages
•	 Incidence of intestinal microcvascular alterations, as detected by combined rectal  

 SDF-imaging and -tonometry, is low in postoperative elective on-pump cardiac  

 surgery patients

•	 Under these specific circumstances, supplementary direct observation of the  

 sublingual microcirculation did not reveal marked heterogeneity between the  

 intestinal and sublingual microvascular compartment 

•	 Simultaneous performance of SDF-imaging and tonometry in the rectal pouch is  

 feasible 

List of abbreviations
SDF   Sidestream Dark Field

CPB   CardioPulmonary Bypass 

Pr
CO2   

rectal partial carbon dioxide pressure 

Pa
CO2   

arterial partial carbon dioxide pressure

ΔP
CO2  

rectal-to-arterial partial carbon dioxide pressure difference

MFI  Microvascular Flow Index 

PPV  Proportion of Perfused Vessels

Euro SCORE European System for Cardiac Operative Risk Evaluation 

IQR  InterQuartile Range

APACHE Acute Physiology And Chronic Health Evaluation

SOFA  Sequential Organ Failure Assessment

CABG  Coronary Arterial Bypass Grafting
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