
 

 

 University of Groningen

The effect of moderate intraoperative blood loss and norepinephrine therapy on sublingual
microcirculatory perfusion in patients having open radical prostatectomy
Flick, Moritz; Briesenick, Luisa; Peine, Sven; Scheeren, Thomas W L; Duranteau, Jacques;
Saugel, Bernd
Published in:
European Journal of Anaesthesiology

DOI:
10.1097/EJA.0000000000001434

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Flick, M., Briesenick, L., Peine, S., Scheeren, T. W. L., Duranteau, J., & Saugel, B. (2021). The effect of
moderate intraoperative blood loss and norepinephrine therapy on sublingual microcirculatory perfusion in
patients having open radical prostatectomy: An observational study. European Journal of Anaesthesiology,
38(5), 459-467. https://doi.org/10.1097/EJA.0000000000001434

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1097/EJA.0000000000001434
https://research.rug.nl/en/publications/e6a1312d-d73f-4c96-a3c8-a42f9b09eb05
https://doi.org/10.1097/EJA.0000000000001434


D
ow

nloaded
from

http://journals.lw
w
.com

/ejanaesthesiology
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

4/O
AVpD

D
a8K2+Ya6H

515kE=
on

05/03/2021

Downloadedfromhttp://journals.lww.com/ejanaesthesiologybyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC4/OAVpDDa8K2+Ya6H515kE=on05/03/2021

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.

ORIGINAL ARTICLE

The effect of moderate intraoperative blood loss and
norepinephrine therapy on sublingual microcirculatory
perfusion in patients having open radical prostatectomy

An observational study

Moritz Flick, Luisa Briesenick, Sven Peine, Thomas W.L. Scheeren, Jacques DuranteauM

and Bernd SaugelM

BACKGROUND It is not clear whether moderate intraoper-
ative blood loss and norepinephrine used to restore the
macrocirculation impair the microcirculation and affect
microcirculation/macrocirculation coherence.

OBJECTIVE We sought to investigate the effect of moderate
intraoperative blood loss and norepinephrine therapy admin-
istered to treat intraoperative hypotension on the sublingual
microcirculation.

DESIGN Prospective observational study.

SETTING University Medical Center Hamburg-Eppendorf,
Hamburg, Germany, from November 2018 to March 2019.

PATIENTS Thirty patients scheduled for open radical pros-
tatectomy and 29 healthy volunteer blood donors.

INTERVENTION Simultaneous assessment of the macro-
circulation using a noninvasive finger-cuff method and the
sublingual microcirculation using vital microscopy.

MAIN OUTCOME MEASURES The main outcome mea-
sures were changes in the sublingual microcirculation
caused by moderate intraoperative blood loss and norepi-
nephrine therapy.

RESULTS General anaesthesia decreased median [IQR]
mean arterial pressure from 100 [90 to 104] to 79 [69 to
87] mmHg (P<0.001), median heart rate from 69 [63 to 79]
to 53 [44 to 62] beats per minute (P<0.001), median
cardiac index from 2.67 [2.42 to 3.17] to 2.09 [1.74 to
2.49] l min�1 m�2 (P<0.001), and median microvascular
flow index from 2.75 [2.66 to 2.85] to 2.50 [2.35 to 2.63]
(P¼0.001). A median blood loss of 600 [438 to 913] ml until
the time of prostate removal and norepinephrine therapy to
treat intraoperative hypotension had no detrimental effect on
the sublingual microcirculation: There were no clinically
important changes in the microvascular flow index, the
proportion of perfused vessels, the total vessel density,
and the perfused vessel density. Blood donation resulted
in no clinically important changes in any of the macrocircu-
latory or microcirculatory variables.

CONCLUSION Moderate intraoperative blood loss and nor-
epinephrine therapy administered to treat intraoperative
hypotension have no detrimental effect on the sublingual
microcirculation and the coherence between the macrocir-
culation and microcirculation in patients having open radical
prostatectomy.

Published online 12 January 2021

Introduction
Intraoperative blood loss is common during major

surgery1 and is associated with adverse postoperative

outcomes.2,3 Intraoperative blood loss clinically presents

with hypotension and tachycardia, both clinical symp-

toms of impaired macrocirculation. These symptoms are
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treated pragmatically with vasopressors and fluids to

restore the macrocirculation.

In contrast to the macrocirculation, the microcirculation,

that may also be impaired by intraoperative blood loss, is

usually not assessed in routine clinical care. It thus

remains unknown whether moderate intraoperative

blood loss and therapeutic interventions used to restore

the macrocirculation impair the microcirculation and

affect the coherence between the macrocirculation and

microcirculation in patients having surgery with general

anaesthesia.4 It also remains unknown whether moderate

intraoperative blood loss in patients having surgery with

general anaesthesia has different effects on the microcir-

culation compared with moderate blood loss in healthy

blood donors.

We, therefore, performed a prospective observational

study to investigate the effect of moderate intraoperative

blood loss and norepinephrine therapy administered to

treat intraoperative hypotension on the sublingual micro-

circulation measured using vital microscopy in patients

having open radical prostatectomy with general anaes-

thesia. As a control group of patients with moderate blood

loss but without general anaesthesia or norepinephrine

therapy, we assessed the sublingual microcirculation in

healthy blood donors.

Methods
Study design and setting
This single-centre prospective observational study was

approved by the ethics committee (Ethikkomission der

Ärztekammer Hamburg, Hamburg, Germany; registra-

tion number PV5826; Chairperson Prof R. Stahl; 10

August 2018) and all participants provided written

informed consent. The study was conducted in the

Department of Anesthesiology, the Martini-Klinik Pros-

tate Cancer Center, and the Blood Donation Center of

the Institute for Transfusion Medicine at the University

Medical Center Hamburg-Eppendorf (Hamburg,

Germany) between November 2018 and March 2019.

Inclusion and exclusion criteria
All patients scheduled for elective open radical prosta-

tectomy were eligible for study inclusion. Exclusion

criteria were age less than 45 years or above 75 years,

body weight less than 50 kg, arrhythmia, contraindica-

tions for monitoring using the finger-cuff method, emer-

gency surgery, and refusal or withdrawal of consent.

As a second group, we included healthy male volunteer

blood donors. Exclusion criteria for blood donors were

age less than 45 years or above 75 years, body weight less

than 50 kg, contraindications for monitoring using the

finger-cuff method, or regular intake of blood pressure

medication (ACE-inhibitors, angiotensin-1-antagonists,

diuretics) that would – in case of surgery – be paused

for the perioperative period.

Anaesthesia
Patients had basic anaesthetic monitoring (electrocardio-

gram, pulse oximetry, upper-arm cuff oscillometry) and

three peripheral venous catheters were inserted: one for

norepinephrine administration and two for rapid fluid

infusion. We induced general anaesthesia with sufenta-

nil, propofol, and rocuronium. The patient’s trachea was

intubated and mechanical ventilation was performed

with a tidal volume of 8 ml kg�1 of predicted body weight,

a positive end-expiratory pressure of 5 cmH2O, and a

respiratory rate adjusted to end-expiratory carbon diox-

ide. We maintained anaesthesia with inhaled sevoflurane

and repeated boluses of sufentanil. The vasopressor

norepinephrine was the first line treatment to maintain

mean arterial pressure according to routine care in our

institution. Continuous norepinephrine infusion (via an

infusion pump) was started after the administration of

anaesthetic induction agents to maintain the mean arte-

rial pressure above 65 mmHg, the routinely used lower

mean arterial pressure intervention threshold in our insti-

tution. Blood pressure management was at the discretion

of the attending anaesthesiologists and mean arterial

pressure intervention thresholds higher than 65 mmHg

could thus be used in patients with chronic arterial

hypertension. A balanced crystalloid fluid (Sterofundin

ISO; Braun, Melsungen, Germany) was administered

very restrictively until prostate removal. After prostate

removal, liberal fluid resuscitation was started with the

crystalloid fluid and, if deemed necessary, colloid fluid

(Volulyte; Fresenius, Bad Homburg, Germany). We

performed frequent venous blood gas analyses. At

the end of surgery, the patient’s trachea was extubated

while in the operating room and subsequently the

patients were monitored in the post anaesthesia care

unit for at least 2 h before being transferred to the

normal ward.

Monitoring of the macrocirculation
In addition to routine anaesthetic monitoring, we mea-

sured cardiac index, stroke volume index, pulse pressure

variation, and systemic vascular resistance index using a

noninvasive finger-cuff method based on the vascular

unloading technique (CNAP system; CNSystems Med-

izintechnik GmbH, Graz, Austria). This finger-cuff

method enables blood pressure and advanced haemody-

namic variables to be estimated using pulse wave analy-

sis of the continuously recorded pulse pressure

waveform.5–8 The double finger cuff of the CNAP sys-

tem was attached to the index and middle finger of the

patients’ right hand. The CNAP finger sensor-derived

arterial blood pressure was calibrated to brachial arterial

blood pressure obtained from the system’s oscillometric

upper arm cuff.

Monitoring of the sublingual microcirculation
We assessed the sublingual microcirculation with a hand-

held vital microscope using the incident dark field

460 Flick et al.
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imaging technology (CytoCam; Braedius Medical BV,

Huizen, The Netherlands). We performed measure-

ments according to current guidelines for the assessment

of sublingual microcirculation9 before anaesthesia induc-

tion, before surgical incision, at the time of prostate

removal, and 2 h after surgery. During the measurements,

the patients were in supine position and the device was

placed on the sublingual mucosa after gentle removal of

saliva. At each of the time points, we obtained several 5 s

video sequences at different positions under the tongue.

Afterwards, all videos were rated according to the ‘Micro-

circulation Image Quality Score’.10 Videos deemed

appropriate for analysis were stabilised and cropped to

fit the resolution requirements of the analysis software

(Automated Vascular Analysis ver. 3.2; Academic Medical

Center, University of Amsterdam, Amsterdam, The

Netherlands). All videos were processed and analysed

by a single investigator (MF), who was also responsible

for video acquisition. We analysed the microvascular flow

index by quadrant (MFI), the proportion of perfused

vessels (PPV), the total vessel density (TVD), and per-

fused vessel density (PVD).9

Measurements in healthy blood donors
Using the same methods and devices as for the patients

having prostatectomy, we performed measurements of

the macrocirculation (noninvasive finger-cuff method,

CNAP system) and the microcirculation (vital microscopy

using incident dark field imaging) in the male volunteer

blood donors. We performed measurements immediately

before and 15 min after a 500 ml blood donation. During

the measurements, the participants were placed in supine

position and rested for at least 5 min before data acquisi-

tion. At both time points, we also performed blood

gas analysis.

Statistical analysis
Data were analysed with IBM SPSS Statistics 25 (IBM

Corp., Armonk, New York, USA). We present descriptive

data as medians [IQR] for continuous data and as abso-

lute frequencies (%) for categorical data. We performed

Wilcoxon signed rank tests for intra-individual differ-

ences in any macrocirculatory or microcirculatory vari-

able between two subsequent time points. The

frequency distribution of MFI differences between

the different measurement points are shown in histo-

grams. For all statistical tests, a P value less than 0.05 was

considered statistically significant. Due to the pilot

nature of this study, we estimated that complete data

from 30 patients would be sufficient to assess the

relevant alterations of the macrocirculation and micro-

circulation.

Results
We enrolled 38 patients scheduled for open radical pros-

tatectomy and eight were excluded: six because the

investigator was not available, one because of arrhythmia,

and one because of technical problems with recording of

vital microscope videos. We enrolled 32 blood donors, but

one was excluded before the first measurement as he

withdrew consent and two were excluded as the video

quality of the sublingual microcirculation was rated as

‘insufficient’. Thus 30 patients having open radical pros-

tatectomy and 29 blood donors were included in the final

analysis (Fig. 1). Patient characteristics are shown in

Table 1, and procedural and perioperative data are shown

in Table 2.

In the 30 prostatectomy patients, we analysed a total

of 386 vital microscope videos (91 videos before induc-

tion of anaesthesia, 92 videos before surgical incision,

102 videos at the time of prostate removal, and 101

videos 2 h after surgery). In the 29 blood donors, we

analysed a total of 168 vital microscope videos (82

videos before blood donation; 86 videos after blood

donation).

General anaesthesia decreased median mean arterial

blood pressure, median heart rate, and median cardiac

index (Table 3). These differences were clinically impor-

tant and statistically significant (P< 0.001, each). In

Sublingual microcirculation in open prostatectomy 461

Fig. 1 Flow chart of patients and volunteers.

38 patients and
32 blood donors were enrolled
between November 2018 and

March 2019

30 patients and
29 blood donors

included in final analysis

Exclusion of eight patients because of
unavailability of an investigator (n = 6),
previously unknown arrhythmia (n = 1),
and technical problems with handheld
vital microscope (n = 1)

Exclusion of three blood donors
because of insufficient video quality
(n = 2) and withdrawl of consent (n = 1)

Table 1 Characteristics of patients and blood donors

Prostatectomy patients

(n U 30)

Blood donors

(n U 29)

Age (years) 66 [57 to 71] 57 [51 to 61]
Male sex 30 (100) 29 (100)
Height (cm) 180 [174 to 182] 182 [178 to 189]
Actual body weight (kg) 81 [78 to 87] 84 [77 to 94]
Diabetes 0 (0) 0 (0)
Arterial hypertension 11 (37) 0 (0)

Data are shown as median [IQR] or absolute number (%).

Eur J Anaesthesiol 2021; 38:459–467
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parallel, median MFI decreased from 2.75 [2.66 to 2.85]

before anaesthesia induction to 2.50 [2.35 to 2.63]

(P¼ 0.001) before surgical incision, without clinically

important changes in PPV, TVD, and PVD (Table 3).

A median cumulative blood loss of 600 [438 to 913] ml

until prostate removal and norepinephrine therapy at a

median rate of 0.13 [0.09–0.18] mg kg�1 min�1 to treat

intraoperative hypotension had no detrimental effect on

any of the microcirculatory variables (Table 3). Reflecting

the restrictive fluid management strategy, the median

cumulative amount of infused crystalloid fluid was 400

[250 to 500] ml until prostate removal. Liberal fluid

resuscitation after prostate removal resulted in a total

amount of infused crystalloid fluids of 4000 [3500 to 4500]

ml until 2 h after surgery (Table 2). Six patients received

additional colloid fluid after prostate removal: median 500

[500 to 500] ml. No patient received transfusions of

erythrocytes or other blood components. Two hours after

surgery, all macrocirculatory variables had returned to

levels similar to before induction of anaesthesia.

For individual patients, the changes in mean arterial

pressure, heart rate, cardiac index, and pulse pressure

variation are shown in Fig. 2 and the changes in MFI are

shown in Fig. 3. Histograms with frequencies of differ-

ences in MFI between time points are presented in

Fig. 4.

All blood donors donated 500 ml of blood. No fluids or

medication were administered during the study period.

Blood donation resulted in no clinically important

changes in any of the macrocirculatory or microcirculatory

variables (Table 4). Haemoglobin, haematocrit, and lac-

tate levels in the blood donors are shown in Supplemen-

tary Table S1, http://links.lww.com/EJA/A485.

Discussion
In this prospective observational study, moderate intra-

operative blood loss and norepinephrine therapy admin-

istered to treat intraoperative hypotension had no

detrimental effect on the sublingual microcirculation

and the coherence between the macrocirculation and

microcirculation in patients having open radical prosta-

tectomy. In healthy blood donors, a 500 ml blood dona-

tion did not impair any of the measured macrocirculatory

or microcirculatory variables.

462 Flick et al.

Table 3 Macrocirculatory and microcirculatory variables in patients having prostatectomy

Before anaesthesia Before surgical incision Time of prostate removal 2 h after surgery

Mean arterial pressure (mmHg) 100 [90 to 104] 79 [69 to 87] [P<0.001] 75 [70 to 83] [P¼0.16] 90 [77 to 98] [P<0.001]
Heart rate (min�1) 69 [63 to 79] 53 [44 to 62] [P<0.001] 58 [54 to 68] [P<0.001] 84 [68 to 98] [P<0.001]
Cardiac index (l min�1 m�2) 2.67 [2.42 to 3.17] 2.09 [1.74 to 2.49] [P<0.001] 2.38 [2.18 to 2.71] [P<0.001] 3.30 [2.93 to 3.67] [P<0.001]
Stroke volume index (ml m�2) 39.1 [34.3 to 43.6] 39.0 [34.1 to 42.8] [P¼0.99] 40.5 [35.5 to 44.3] [P¼0.63] 38.4 [35.9 to 47.4] [P¼0.60]
Pulse pressure variation (%) 5 [3 to 7] 6 [4 to 8] [P¼0.15] 9 [7 to 12] [P¼0.001] 6 [4 to 8] [P¼0.001]
Systemic vascular resistance

index (dyn s m�2/cm�5)
2670 [2418 to 3041] 2496 [2305 to 3228] [P¼0.99] 2364 [1938 to 2620] [P<0.001] 1956 [1725 to 2492] [P¼0.026]

MFI (au) 2.75 [2.66 to 2.85] 2.50 [2.35 to 2.63] [P¼0.001] 2.56 [2.33 to 2.75] [P¼0.45] 2.67 [2.50 to 2.75] [P¼0.006]
PPV (%) 98.4 [97.5 to 99.0] 96.9 [95.6 to 98.0] [P¼0.003] 96.5 [94.4 to 97.9] [P¼0.17] 97.3 [95.9 to 98.8] [P¼0.06]
TVD (mm mm�2) 21.7 [20.0 to 22.8] 22.6 [20.1 to 24.4] [P¼0.22] 22.5 [19.3 to 23.8] [P¼0.63] 21.0 [19.4 to 23.0] [P¼0.21]
PVD (mm mm�2) 21.0 [19.6 to 22.5] 21.3 [19.2 to 23.9] [P¼0.57] 21.3 [18.0 to 23.1] [P¼0.60] 20.7 [18.8 to 22.2] [P¼0.43]
Number of microcirculation

videos per patient
3 [3 to 3] 3 [2 to 4] 3 [3 to 4] 3 [3 to 4]

Data are shown as median [IQR]. P values refer to the comparison between a variable and the same variable measured at the previous time point. au, arbitrary unit; MFI,
microvascular flow index; PPV, proportion of perfused vessels; PVD, perfused vessel density; TVD, total vessel density.

Table 2 Procedural and perioperative data in patients having prostatectomy

Before anaesthesia

induction

Before surgical

incision

Time of prostate

removal

2 h after end of

surgery

Duration (min) 0 [0 to 0] 25 [20 to 31] 130 [120 to 140] 360 [339 to 390]
Blood loss (ml) 0 [0 to 0] 0 [0 to 0] 600 [438 to 913] 750 [600 to 1113]
Crystalloid fluid (ml) 0 [0 to 0] 200 [188 to 300] 400 [250 to 500] 4000 [3500 to 4500]
Colloid fluid (ml, n¼6) 0 [0 to 0] 0 [0 to 0] 0 [0 to 0] 500 [500 to 500]
Norepinephrine dosage (mg kg�1 min�1) 0 [0 to 0] 0.08 [0.06 to 0.10] 0.13 [0.09 to 0.18] 0 [0 to 0]
Norepinephrine cumulative (mg) 0 [0 to 0] 101 [81 to 142] 1005 [702 to 1265] 1758 [1037 to 2648]
Sufentanyl cumulative (mg) 0 [0 to 0] 40 [35 to 40] 75 [70 to 80] 85 [75 to 95]
Propofol cumulative (mg) 0 [0 to 0] 200 [160 to 200] 200 [160 to 200] 200 [178 to 200]
Expired concentration of sevoflurane (Vol %) 0 [0 to 0] 1.4 [1.4 to 1.7] 1.95 [1.9 to 2.0] 0 [0 to 0]
Haemoglobin (mg dl�1) 15.3 [14.3 to 16.0] 14.6 [13.5 to 15.1] 14.1 [13 to 15.1] 12.3 [10.8 to 13.0]
Haematocrit (%) 46.8 [43.6 to 49.2] 44.6 [41.1 to 46.6] 42.8 [39.8 to 46.2] 37.8 [33.0 to 39.9]
Lactate (mmol l�1) 1.1 [0.9 to 1.5] 0.8 [0.7 to 0.9] 1.0 [0.8 to 1.1] 1.0 [0.7 to 1.3]

Data are shown as median [IQR].
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The setting of open radical prostatectomy seems to be

ideal to study the effect of moderate intraoperative blood

loss and norepinephrine therapy on the sublingual micro-

circulation in a clinical study. In these patients, fluids are

given restrictively and intraoperative hypotension is trea-

ted primarily with vasopressors (e.g. continuous norepi-

nephrine infusion) until prostate removal to reduce blood

loss and create good surgical conditions.11,12 After prostate

removal, liberal fluid resuscitation is started to increase

intravascular volume and induce urine production.

Vital microscopy using handheld cameras allows visuali-

sation and quantitative analysis of the sublingual

microcirculation. It thus provides information on capillary

function and microcirculatory blood flow. However, there

are sparse data on sublingual microcirculation in patients

having noncardiac surgery as only few clinical studies

have been performed in this setting.13–15

We accounted for the effect of general anaesthesia on the

sublingual microcirculation by performing vital micros-

copy before anaesthesia induction and before surgical

incision. The distinct effects of general anaesthesia on

the microcirculation remain unclear as previous studies

are heterogeneous regarding investigated variables and

the technologies used.13,16,17 In our study, general

Sublingual microcirculation in open prostatectomy 463

Fig. 2 Macrocirculatory variables in individual patients having prostatectomy
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Fig. 3 Microvascular flow index in individual patients having prostatectomy and blood donors
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Fig. 4 Histograms with frequencies of differences in microvascular flow index
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Histograms showing the frequency of the differences in microvascular flow index (MFI) between measurement points before anaesthesia induction
and before surgical incision (a; median difference: �0.25), before surgical incision and time of prostate removal (b; median difference: 0.06), time of
prostate removal and 2 h after surgery (c; median difference: 0.15), and before and after 500 ml blood donation (d; median difference: 0.00). The
black vertical line indicates the zero point. The dotted vertical line represents the median difference.
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anaesthesia decreased median MFI. Median MFI had

returned to the median baseline value 2 h after surgery.

General anaesthesia did not result in clinically important

changes in PPV, TVD, or PVD. This shows that overall,

despite a slight reduction in microcirculatory flow, there

was no clinically important anaesthesia-induced

impairment of sublingual microcirculation.

In our study, moderate blood loss did not impair sublin-

gual microcirculation either in patients having prostatec-

tomy under general anaesthesia or in awake blood donors.

In contrast to moderate blood loss, severe blood loss can

result in haemorrhagic circulatory shock with impaired

microcirculation and subsequent organ dysfunction.18,19

Several experimental studies have shown that severe

acute blood loss markedly impairs the sublingual and

intestinal microcirculation.20,21

We infused norepinephrine continuously to treat intra-

operative hypotension. Norepinephrine is widely used

for this indication. Previous clinical studies showed that

norepinephrine has beneficial effects on blood loss as well

as on gastrointestinal and cardiac complications in

patients having open radical prostatectomy.11,12 We

observed no detrimental effect of continuous norepi-

nephrine infusion on sublingual microcirculation. This

is in line with a previous small clinical study, which found

that the sublingual microcirculation was not altered by

continuous norepinephrine infusion in 20 women having

breast cancer surgery under general anaesthesia.22 These

clinical findings are backed up by the results of experi-

mental studies. Norepinephrine administration to treat

hypotension did not have adverse effects on the intestinal

microcirculation in a pig model of abdominal surgery23

and in a mouse model of uncontrolled haemorrhagic

shock.24

There is still an ongoing debate about the coherence or

decoupling of the macrocirculation and microcircula-

tion.25 In our study, the changes in median MFI were

coherent with changes in median mean arterial pressure,

median heart rate, and median cardiac index. Global

haemodynamic variables and MFI simultaneously

decreased with general anaesthesia, remained stable dur-

ing surgery, and had recovered by 2 h after surgery. This

indicates that the coherence between the macrocircula-

tion and the microcirculation was preserved throughout

the study period. In contrast, a loss of haemodynamic

coherence (i.e. decoupling) has been repeatedly reported

in patients having cardiac surgery16,26,27 and in critically

ill patients with sepsis.28 Our results support the conclu-

sion that we can assume the haemodynamic coherence of

the macrocirculation and microcirculation is intact in

otherwise healthy patients presenting for elective non-

cardiac surgery. In addition, haemodynamic coherence

seems to persist even during prostatectomy with moder-

ate blood loss. Prostatectomy is considered moderate risk

surgery and is representative for surgical procedures with

a significant risk of blood loss.29,30 Nonetheless, more

severe surgical trauma causing systemic inflammation

may lead to an impairment of microcirculatory perfusion

and result in a loss of haemodynamic coherence as seen in

patients with septic shock.28 Future research needs to

investigate if a loss of coherence occurs in the course of

major surgery.

We are not able to distinguish between the effects of

moderate intraoperative blood loss and norepinephrine

infusion on sublingual microcirculation. This is also true

for the effects of liberal fluid resuscitation and emergence

of anaesthesia. However, our findings in blood donors also

suggest that moderate blood loss can be compensated

without macrocirculatory and microcirculatory alterations.

As we only studied patients having open radical prostatec-

tomy, our cohort consisted of male patients. The generali-

sation of the results should, therefore, be considered

carefully. The measurement performance of the CNAP

system for blood pressure and cardiac output monitoring

has been investigated in method comparison studies in

surgical and critically ill patients with inconsistent results

compared with invasive reference methods, and noninva-

sive finger-cuff methods may not be interchangeable with

invasive reference methods.31 However, their use allowed

us to derive advanced haemodynamic variables without

using more invasive techniques such as indicator dilution
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Table 4 Macrocirculatory and microcirculatory variables in blood donors

Before blood donation After blood donation P

Mean arterial pressure (mmHg) 95 [90 to 107] 96 [89 to 99] 0.44
Heart rate (min�1) 66 [61 to 75] 64 [59 to 71] 0.025
Cardiac index (l min�1 m�2) 2.9 [2.5 to 3.1] 2.9 [2.5 to 3.2] 0.93
Stroke volume index (ml m�2) 40.6 [37.2 to 48.1] 42.8 [39.2 to 47.9] 0.37
Pulse pressure variation (%) 7 [4 to 9] 7 [4 to 9] 0.81
Systemic vascular resistance index (dyn s m2 cm�5) 2564 [2345 to 2938] 2437 [2188 to 2784] 0.20
MFI (au) 2.81 [2.68 to 2.86] 2.81 [2.65 to 2.88] 0.88
PPV (%) 98.1 [96.9 to 99.0] 98.4 [97.0 to 99.0] 0.43
TVD (mm mm�2) 20.5 [18.8 to 21.9] 20.0 [18.7 to 21.4] 0.29
PVD (mm mm�2) 19.7 [18.4 to 21.6] 19.7 [18.1 to 20.9] 0.37
Number of microcirculation videos per patient 3 [3 to 4] 3 [3 to 3]

Data are shown as median [IQR]. P values refer to the comparison between variables before and after blood donation. au, arbitrary unit; MFI, microvascular flow index; PPV,
proportion of perfused vessels; PVD, perfused vessel density; TVD, total vessel density.
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methods, which are not used routinely in prostatectomy

patients. Data acquisition and video analyses were per-

formed by a single investigator. The investigator was

consequently not blinded during the analysis of the micro-

circulation videos, which could have affected the results.

On the other hand, the use of a single investigator pre-

vented the risk of inter-observer bias for video acquisition

and video analysis. More research is necessary to establish

whether regional sublingual microcirculation reflects

microcirculation in other organ systems under various

clinical conditions.

In conclusion, moderate intraoperative blood loss and

norepinephrine therapy administered to treat intraoper-

ative hypotension have no detrimental effect on the

sublingual microcirculation and the coherence between

the macrocirculation and microcirculation in patients

having open radical prostatectomy. Our findings support

the use of norepinephrine to treat intraoperative hypo-

tension during moderate intraoperative blood loss in

patients having noncardiac surgery under general anaes-

thesia.
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