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Abstract

Background Intraoperative arterial hypotension (IOH) leads to increased postoperative morbidity. Norepinephrine
is often use to treat IOH. The question regarding the mode of administration in either a bolus or continuous infusion
remains unanswered. The aim of the present study was to describe and compare the effects on macrocirculation
and microcirculation of a bolus and a continuous infusion of norepinephrine to treat IOH.

Methods We conducted a prospective observational study with adult patients who underwent neurosurgery.
Patients with invasive arterial blood pressure and cardiac output (CO) monitoring were screened for inclusion. All
patients underwent microcirculation monitoring by video-capillaroscopy, laser doppler, near-infrared spectroscopy
technology, and tissular CO,. In case of IOH, the patient could receive either a bolus of 10 pg or a continuous infusion
of 200 pg/h of norepinephrine. Time analysis for comparison between bolus and continuous infusion were at peak
of MAP. The primary outcome was MFI by videocapillaroscopy.

Results Thirty-five patients were included, with 41 boluses and 33 continuous infusion.

Bolus and continuous infusion induced an maximal increase in mean arterial pressure of +30[20-45] and +23[12-34]
%, respectively (P=0,07). For macrocirculatory parameters, continuous infusion was associated with a smaller decrease
in CO and stroke volume (p<0.05).

For microcirculatory parameters, microvascular flow index (-0,1 vs. + 0,3, p=0,03), perfusion index (-12 vs. +12%,
p=0,008), total vessel density (-0,2 vs. +2,3 mm2/mm?2, p=0,002), showed significant opposite variations with bolus
and continuous infusion, respectively.

Conclusions These results on macro and microcirculation enlighten the potential benefits of a continuous infusion
of norepinephrine rather than a bolus to treat anaesthesia-induced hypotension.

Trial registration (NOR-PHARM: 1-17-42 Clinical Trials: NCT03454204), 05/03/2018

Key points

At the macrocirculatory level continuous infusion resulted in a smaller decrease in CO and SV and a smaller increase
in afterload than bolus administration.

*Correspondence:

Manuel Kindermans

manuel.kindermans@aphp.fr

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-023-02342-3&domain=pdf

Kindermans et al. BMC Anesthesiology (2023) 23:374

Page 2 of 11

impaired with a bolus.

vessel density

At the microcirculatory level continuous infusion enhanced blood flow and vessel density while these variables were

These results on macro and microcirculation enlighten the potential benefits of a continuous infusion of norepineph-
rine rather than a bolus to treat anaesthesia-induced hypotension.

Keywords Norepinephrine, Bolus, Continuous infusion, Microcirculation, Microcirculation, Microflow index, Total

Introduction

Intraoperative arterial hypotension (IOH) leads to
increased postoperative morbidity [1-3]. During the
induction and maintenance of anaesthesia, IOH is often
related to a decrease in vascular tone induced by hyp-
notic and morphinomimetic drugs [4]. This condition,
vasoplegia, is also associated with impaired microcircula-
tory perfusion [4, 5].

Vasopressor agents, especially norepinephrine, are
commonly administered to correct IOH [6]. In the
operating room, norepinephrine is sometimes admin-
istered in a bolus even though continuous infusion may
be preferred [7-10]. In fact, even when effective in rap-
idly restoring adequate arterial blood pressure (ABP),
the bolus mode of administration is also associated with
a decrease in heart rate (HR) and cardiac output (CO).
This comes with increased arterial stiffness and left ven-
tricular afterload [7, 9, 11]. As CO is an important deter-
minant of tissue perfusion [12], one could imagine that
those effects could be transposed at the microcirculatory
level and therefore lead to impaired tissue perfusion and
oxygenation [13].

These constatations could have clinical implications:
recently, continuous infusion of norepinephrine has been
associated with better control of peroperative ABP and
better renal postoperative outcomes than boluses [8].

Microcirculation monitoring has been intensely devel-
oped since it became a topic of interest more than 20
years ago. Indeed, microcirculation has proven to be
strongly associated with organ dysfunction and outcome
in various shock models [12, 14, 15]. Even once macro-
hemodynamics are restored, microcirculation can remain
altered, and this condition is also associated with a worse
outcome [16]. These results have only been published
on populations of ICU patients. However, links between
microcirculation and postoperative outcomes have been
established [17].

Devices now available for microcirculatory monitoring
present each advantages and disadvantages. Nowadays
laser doppler, near-infrared spectroscopy technology
(NIRS), tissular CO, and videocapillaroscopy are mostly
used [18]. Again, initially more frequent in ICUs, their
use in the operating room becomes increasingly common
[13, 19].

Despite these elements, the effects of norepinephrine
in boluses and continuous infusion remains unknown
in patients undergoing anaesthesia. To our knowledge,
the combined description of macro- and microcircula-
tory effects of norepinephrine has only been studied in
shocked patients, showing various and heterogeneous
results [20-22].

The aim of the present study was then to describe and
compare the effects of a bolus and a continuous infu-
sion of norepinephrine on macrocirculation and micro-
circulation to treat anaesthesia-induced hypotension.

The hypothesis was that continuous infusion could
result in an improved global cardiovascular adapta-
tion than a bolus on both macro- and microcirculatory
parameters.

Material and methods

Ethics

This study was approved by the Ethics Committee of
Agence Régionale de Santé Occitanie (FRANCE, presi-
dent D. Benayoun) (NOR-PHARM: 1-17-42 Clinical
Trials: NCT03454204) (05/03/2018). This prospective
observational study was conducted in the Department
of Anaesthesiology and Critical Care of the Univer-
sity Hospital of Lariboisiére, Paris, France. All meth-
ods were carried out in accordance with relevant
guidelines and regulations. Written informed con-
sent was obtained from all subjects, and/or their legal
guardian(s), participating in the trial.

Patients
The inclusion criteria were as follows: adult patients (>
18 and older) undergoing major surgery (mostly neuro-
surgical interventions). Only patients for whom preop-
erative anaesthesia consultation indicated continuous
ABP and CO monitoring were screened for inclusion.
The exclusion criteria were as follows: patients aged
under 18 years old, pregnancy, haemodynamic insta-
bility caused by acute bleeding, critical haemodynamic
instability, sitting position and preoperative doses of
norepinephrine > 500 pug/hour.
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Patients’ characteristics and management

All cardiovascular, respiratory, and neurologic comor-
bidities, ASA (American Society of Anaesthesiologists)
scores, usual medications, clinical abnormalities, and
results of preoperative diagnostic tests were recorded
on the anaesthesiology report. Patients were treated in
accordance with local care protocols.

All general anaesthesia were conducted under intrave-
nous administration of propofol and remifentanil guided
by AIVOC mode (with Schneider model for propo-
fol and Minto model for remifentanil). The bispectral
index guided the deepness of anaesthesia with objectives
between 40 and 60. Patients’ lungs were mechanically
ventilated in volume control mode (tidal volume: 6 ml/
kg) with an O,/air mixture (FiO2 0.4) and a positive end
expiratory pressure of 5 cmH,0O. The respiratory rate was
adjusted to keep end-tidal carbon dioxide partial pres-
sure (EtCO,) between 35 and 40 mmHg.

Standard monitoring included HR, pulsed oximetry
(Sp0O2), perfusion index (PI) [23], invasive ABP, tem-
perature, and ventilatory settings, including end tidal
CO2 (EtCO2). CO and SV monitoring was performed via
oesophageal Doppler (Deltex Medical Limited, Chiches-
ter, UK).

All variables, including CO and stroke volume (SV)
were recorded continuously and extracted via the Xtrend
Logiciel from Philips® (Amsterdam, Netherlands) scopes.

Cardiac afterload was monitored via the Global After
Load Angle (GALA). Its value was visualized on the
transoesophageal Doppler screen and calculated from
the velocity pressure loops (VP loops) as previously
described [24].

Microcirculation monitoring

Microcirculation monitoring was performed simulta-
neously with 5 different devices. All the devices and the
main scope monitor were connected and synchronized,
allowing to find retrospectively all the desired events as
the peak of MAP.

— Videocapillaroscopy using incident dark field imag-
ing device (Braedius®, Netherlands) : intraoperative
sublingual video allowed direct visualization of sub-
lingual blood flow in microvascular networks. Images
acquisition and analysis were performed according to
international guidelines [25]. Care was provided to
avoid pressure artefacts and saliva was removed as
much as possible before acquisition.

If a bolus was administered, all the sequences were
recorded in the same zone one after the other. First
sequence was considered as the basal state of patient’s
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microcirculation. When the peak of MAP was reached,
the sequence corresponding was kept apart to be ana-
lyzed after. This is in line with the new guidelines [25].

In case a continuous infusion was administered, 5
sequences were recorded in 5 different zones at basal
state and 5 supplementary ones were recorded when the
arterial blood pressure was stabilized at the next level
(plateau). Sequences duration was between 8 and 10
seconds.

Two trained operators (MK, FV) recorded the clips.

Analysis was made by four trained investigators (MK,
FV, JM, J]), independently, and blinded from other’s
investigator’s results. They were assisted by the last ver-
sion of the software CytoCamTools Study Manager
provided by Braedius® only concerning the total vessel
density score. Vessels were added or removed manu-
ally if the detection proposed by the software was not
satisfactory.

Clips were not randomized before analysis, but analy-
sis was made blinded from the identity of the patient, the
intervention (bolus or continuous infusion), and the level
of arterial blood pressure at the time of the recording.

Four microcirculatory parameters have been analyzed:

1) The microvascular flow index (MFI), which is a
qualitative evaluation of the microvascular flow.
The image is divided into four quadrants, and the
predominant type of flow in very small vessels is
assessed in each quadrant using an ordinal score (0 =
no flow, 1 = intermittent flow, 2 = sluggish flow, 3 =
normal flow). The overall score, called microvascular
flow index, is the sum of each quadrant score divided
by the number of quadrants.

2) The total vessel density (TVD)

3) The perfused vessel density (PVD), which is calcu-
lated using the formula: PVD = PPVXTVD.

4) The Heterogeneity Index (HI), calculated as the dif-
ference between extreme values of MFI between
the five recordings divided by its mean value for the
continuous infusion recordings; and as the difference
between the best and the worst flow divided on the
average flow for bolus recordings.

— Laser Doppler (Transonic System®, Ithaca, USA) :
This technique is based on the reflection of a beam
of laser light that undergoes a change in wave-
length (Doppler shift) when moving blood cells are
encountered. The magnitude and frequency distri-
bution of these changes are related to the number
and velocity of red cells. The quantitative value
derived from these measurements (red blood cell
flow) is expressed in arbitrary perfusion units (Tis-
sular Perfusion Unit, TPU).
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— Near-Infrared Spectroscopy technology (NIRS),
providing tissular saturation in O2 (StO2) (InSpec-
tra®, Hutchinson Technology, Minnesota, USA)
: two sensors placed on the patients’ thenar emi-
nence emit near-infrared light in four specific wave-
lengths (690, 780, 805 and 850 nm), which is then
partially absorbed and partially reflected to the
sensors, based on the ratio of oxygenated to deoxy-
genated hemoglobin in the tissue. NIRS also meas-
ures THI (tissular hemoglobin index), an index of
microcirculatory volume of hemoglobin, with val-
ues ranging from 0 to 100.

— Tissular CO2 measure (TOSCA 500,
Radiometer® Copenhague, Danemark) : Transcuta-
neous measurement of PCO2 is based on the phe-
nomenon of CO2 gas diftusing very easily through-
out the body tissue and skin, which can thus be
detected by a sensor on the skin surface. tPCO2
reflects tissue perfusion by an evaluation of the dif-
ference between tPCO2 and artPCO?2, so-called «
CO2gap » [26].

— DPerfusion Index (PI) by photoplethysmography
(Two devices : Phillips® and Masimo®)

Examination of microcirculation with an incident dark
field imaging, laser Doppler, NIRS technology and trans-
cutaneous CO2 captor is completely noninvasive and
respects the noninterventional study design.

Laser Doppler and tissular CO2 probes were each
placed on one ear as previously described in other pub-
lications [23]. The NIRS probe was placed on the thenar
eminence [27], contralateral to the arterial catheter. Pho-
toplethysmography by Philips® was placed on one index
contralateral to the arterial catheter.

Protocolized management of IOH
The mean arterial blood pressure (MAP) reference was
the average between MAP at anaesthesia consulta-
tion and MAP the day before surgery. IOH episode was
defined as a decrease in MAP under 65 mmHg or below
20% of the MAP reference in the absence of clear hypo-
volemia. Hypovolemia was defined in our institution by
the conjunction of a significant decrease in CO compared
to the CO target value obtained after CO optimization
before surgical incision, a DeltaPP >15% and/or an acute
bleeding episode.

When a patient presented an IOH episode, the anaes-
thesiologist in charge could:

— Either administered a bolus of 2 mL (10 pg) of nor-
epinephrine diluted at 5 pg/mL.

— Or either introduce a continuous infusion of the
same treatment at speed 40 mL/hour (i.e., 200 pg/
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hour or 16 pg/5 min). If a continuous infusion was
already started, an elevation of 40 ml/hour more was
added.

The protocol was not randomized. As explained, the
decision of a bolus or a continuous infusion was not
made by the investigators of the study, but by the anaes-
thesiologist in charge of all the intervention. Often but
not systematically, continuous infusion is given if the
arterial pressure continues to be low despite some one or
two first boluses. Patients could receive two boluses but
it had to be with an interval of more than 10 minutes.
Patients receiving a bolus directly followed by a continu-
ous infusion were not included.

Collection of macro- and microcirculatory parameters

over time:

For the bolus, the analysis times were T0, T15, T30, T45,
T60 seconds and at peak of MAP. This choice derives
from a study we are conducting (nonpublished data)
which shows that the peak in MAP is reached at approxi-
mately 50 seconds. For videocapillaroscopy sequence
analysis, the times were TO and at the peak of ABP
increase.

For the continuous infusion, the analysis times were
TO, T180, T300 seconds and at peak of MAP. For vide-
ocapillaroscopy, times were TO and at the ABP plateau
(plateau being defined by less than 5% variations in PAM
for more than 20 seconds).

Values of each parameter at peak of effect and time to
reach this peak were also recorded.

Outcomes

The primary outcome MFI measured by videocapilla-
roscopy. Secondary outcomes were CO, MAP, SV, TVD,
PPV, HI, PI, TPU, StO2 and tPCO2.

Statistics

Statistical analysis was performed with GraphPad Prism®
software (La Jolla, California, USA). The significance level
was a= 0,05. Data with a normal distribution are pre-
sented as the mean + standard deviation, and those with
a nonnormal distribution are presented as the median *
interquartile range. The normality of the population dis-
tribution was determined using a Shapiro test. Variations
in the parameters over time were always compared with
the baseline value using a Wilcoxon test and expressed
as a percentage. To compare the values obtained with a
bolus and with a continuous infusion at each time point
including the peak of effect (peak of MAP), we performed
a Mann—Whitney test. As the number of boluses and
continuous infusion varied from one patient to another,
we used weighted methods to compare those average
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values, with the weights being the number of measures
per subject.

Inter- and intraindividual variability for videocapilla-
roscopy analysis was assessed by calculating the kappa
coefficient of concordance.

Results

Patients

Forty-one patients were selected between January 2019
and March 2020. Six were excluded: five due to lack of
recording and one due to preoperative doses of nor-
epinephrine > 500 pg/h. Thirty-five patients undergoing
neurosurgery (32 patients) or neuroradiology (3 patients)
procedures were prospectively included: 27/35 (77%)
patients underwent intracranial surgery, and 5/35 (14%)
underwent spinal surgery. We had for intracranial sur-
gery : 4 aneuvrism clipping, 9 meningioma removal, 8
single or multiple metastasis removal, 4 high grade tumor
removal and 2 schwanomma removal. Main operation
duration was 5h30. Spinal surgery was represented bay
arthrodesis (4/5) of at least three stages. Patient charac-
teristics are reported in Table 1.

In those patients, we analysed 41 bolus and 33 continu-
ous infusion sequences with complete recording of mac-
rocirculation and microcirculatory devices. Every patient
received at least one bolus, 6 patients received two
boluses and no patient received more than two boluses.
For videocapillaroscopy, 30 bolus sequences were ana-
lysed in 30 patients (5 recorded sequences presented
insufficient quality), and only 9 sequences of continuous
infusion were analysed (over 18 recorded), for the same
reason (Fig. 1).

There were no differences between haemodynamic
baseline values when comparing bolus and continuous
infusion populations. This was consistent for macro and
microcirculatory parameters.

Time to reach maximal effect

Concerning microcirculatory parameters, the maximal
effect on MAP occurred 52 [47-55] seconds after the
bolus. The time to reach the MAP plateau was 260 [160-
303] seconds after continuous infusion started.

Macrocirculatory parameters
Before bolus and continuous infusion, patients presented
a median MAP of 67 (60-74) mmHg, a CO of 4,8 [2, 3,
3-6] L/min and an SV of 74 [49-86] mL, for an HR of 70
[61-77] pulse/min. Variations of pulsed pressure (APP)
was 10 [5-12] %. Macrocirculatory parameters before
bolus and continuous infusion were not different.

Effects of a bolus of norepinephrine: Norepinephrine
boluses were associated with a 30 [20-45] % increase in
MAP (p<0,0001) and a decrease in HR and SV of 6 [1-11]
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Table 1 Patient characteristics

Characteristics Total Patients n=35

Female Gender, no (%) 25 (71)
Age (years) 58 (52-66)
Weights (kg) 70 (60-80)
Size (cm) 165 (162-170)
BMI (kg/m2) 25,7 (22-28)
ASA, n (%)
\ 2(6)
I 26 (74)
M1l 7 (20)
Cardiovascular Risk Factors (%)
High Blood Pressure 11(371)
Active Tabagism 4(11)
Diabetes Mellitus 1(2)
Dyslipidaemia 5(15)
Obesity 3(9)
Chronic Kidney Failure 1(3)
Antecedents (%) Treatments (%)
Solid Cancer 8(23)
ACE-I /angiotensin blockade 5(15)
Calcium Channel Blocker 3(9)
Beta blocker 3(9)
Diuretics 2(6)
Biology
Preoperative Haemoglobin (g/dL) 13,4 (12,4-14,6)
Platelets (g/L) 266 (176-256)
Creatinine (ug/L) 67 (58-80)

% (p<0,0001) and 12 [4-16] % (p<0,0001), respectively,
leading to a decrease in CO of 15 [16-29] % (p<0,0001).
GALA increased by +12 [6-15]° (p=0,008) in median
(Table 2).

Effects of a continuous infusion: Norepinephrine con-
tinuous infusions were associated with a median increase
of 23[12-34]% in MAP (p<0,0001). This was coupled with
a drop in HR of -10[-14; -6]% (p<0,001) but not in SV, in
which variations remained nonsignificant +2[-7 ;+4]%).
However, a significant decrease in CO was observed, of
7 [0-14] % (p<0,0001). GALA increased by +7 [3-12]°
(p=0,007) (Table 3)

Comparison between bolus and continuous infusion at
peak of MAP: For a smaller (but nonsignificantly differ-
ent) increase in MAP (p=0,07), continuous infusion was
associated with a more limited decrease in CO of 0,6
L/min (p< 0,001). As changes in HR were similar, this
implies that differences in CO were attributed to dif-
ferences in the decrease in SV. Indeed, we observed a
smaller decrease in SV of 4 ml (p=0,009). This was asso-
ciated with a smaller increase in the GALA of 7° (p=0,04).
The results are exposed in Table 4 and Fig. 2.
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41 patients | 5 lack of recording
P "] 1 Norepinephrin >500ug/h
v
35 patients
CO, SV, HR . . .
st02, TPU, tPCCO2, PI 41 bolus 33 continuous infusions
l ,
VIDEOCAPILLAROSCOPY 35 patients recorded 18 x 5 recorded sequences
5 excluded (insufficient quality) ——— — 9 excluded (insufficient quality)
N
30 analyzed 9 x 5 analyzed
Fig. 1 Flow chart
Table 2 Bolus parameters evolution over time
Baseline T15' T30’ T45' T60’
MACROCIRCULATION
MAP (mmHg) 68 (60-74) 68 (61-77) 72 (62-88)* 79 (74-91)* 89 (78-96)*
HR (/min) 70 (61-77) 70 (62-77) 70 (60-72) 66 (60-72)* 64 (58-71)*
CO (L/min) 4,8 (3,2-6) 4,8(3,1-5,7) 4,6 (2,8-5,7)* 39(2,6-54)* 39(2,9-4.8)*
SV (mL) 74 (49-86) 70 (46-82)* 70 (42-75)* 62 (42-75)% 58 (43-71)*
GALA () 40 (26-47) 46 (35-64)
MICROCIRCULATION
LASER DOPPLER
TPU 6,3 (3,7-11,7) 73(3,9-11,6) 6,9 (44-12,2)* 6,9 (4,2-10,6) 6(3,7-11,5)
PHOTOPLETHYSMOGRPAHY
Pl (finger) (%) 57(3-87) 59(3,1-82) 57(2,8-83)* 53(2,5-7.8)* 51(2-7.8)*
Pl (ear) (%) 1,4(0,6-1,9) 1,4(0,6-1,9) 14(0,6-19) 1,1(0,6-1,8) 1,2(0,7-1,9)
NIRS
StO2 (%) 87 (82-89) 87 (83-88) 87 (83-88) 87 (83-88) 87 (82-88)
THI (%) 12,2 (104-13,7) 12,3(10,5-13,6) 12,4 (10,4-13,6) 12,5(10,4-13,6) 12,5(10,3-13,7)
TISSULAR CO2 (mmHg) 40 (34-43) 39 (34-43) 40 (34-43) 40 (34-43) 40 (34-43)
VIDEOCAPILLAROSCOPY
MFI 2,16 (1,72-2,64) 2,06 (1,66-2,4)
PPV (%) 65,3 (52,7-74,3) 62,5 (55,6-69,4)
TVD (mm2/mm2) 14,1 (11,9-16,1) 13,9 (11,7-154)
PVD (mm2/mm?2) 8,8 (6,9-10,1) 8,6(6,8-10,1)
HI 0,36 (0-0,66) 04 (0-0,57)

Data are expressed in median (IQR). MAP Mean arterial pressure, HR Heart rate, CO Cardiac output, SV Stroke volume, GALA Global afterload angle, TPU Tissue
perfusion unit, P/ Perfusion index, MFI Microvascular flow index, PPV Percentage of perfused vessels, StO2 Tissular saturation in 02, THI Tissular hemoglobin index, TVD
Total vessel density, PVD Perfused vessel density, HI Heterogeneity Index. (¥) = p < 0,05
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Table 3 Continuous infusion parameters evolution over time
Baseline T15’ T30’ T45’ T60’ T180' T300'
MACROCIRCULATION
MAP (mmHg) 66 (60-74) 69 (58-78) 68 (58-77) 69 (58-78) 70 (59-80) (76 98)* 83 (77-98)*
HR (/min) 61 (55-72) 61 (54-73) 61 (55-73) 60 (55-72) 59 (54-68) 8 (55-64)* 57 (55-61)*
CO (L/min) 4,2 (2,9-6) 4,2(3-58) 4,1(2,9-57) 4,1(3,1-5) 4,1 (3-4,5) (3 58)* 39 (3-56)*
SV (mL) 64 (46-81) 64 (46-80) 64 (45-78) 65 (46-82) 64 (43-68) 62 (45-74) 61 (44-76)
GALA (°) 40 (35-69) 43 (37-59)
MICROCIRCULATION
LASER DOPPLER

TPU 71(1,8-13,4) 7,2 (19-13,4) 72(19-134)  70019-143)  7(2,1-147) 7,1 (44-14) 7,1 (4,5-12,6)
PHOTOPLETHYSMOGRAPHY

Pl (finger) (%) 55(3,2-83) 53(2,1-7.8) 52(21-7.8) 51(2-81) 5(2,2-83) 59(3-83) 6,4 (3,3-8)

Pl (ear) (%) 1,4(0,6-1,9) 1,4(0,6-1,9) 1,4(0,6-1,9) 14(0,6-1,8) 1,4(0,7-1,9) 1,8(08-2,1) 1,8(0,8-2,1)
NIRS

StO2 (%) 87 (82-90) 88 (83-90) 88 (82-89) 88 (82-89) 88 (84-89) 85 (82-89) 85 (82-89) *

THI (%) 126 (10,5-14,1)  124(106-14,1) 124(106-14) 125(10,5-14) 124(104-13,8) 12,1(9,5-13,3) 12,5(9,9-13,8)
TISSULAR CO2 (mmHg) 40 (34-43) 39 (34-43) 40 (34-43) 40 (34-43) 40 (34-43) 39(33-43) 39 (33-43)
VIDEOCAPILLAROSCOPY

MFI 1,8(1,7-2) 2,1(1,8-24)

PPV (%) 71,6 (61,2-76,7) 69,4 (60,1-74,6)

TVD (mm2/mm?2) 1 (14,1-15,5) 174(156-187)*

PVD (mm2/mm?2) ,1(9-11,5) 11,8*(10,7-13,1)

HI 0,66 (04-1) 0,44 (0,36-0,8)

Data are expressed in median (IQR). MAP Mean arterial pressure, HR Heart rate, CO Cardiac output, SV Stroke volume, GALA Global afterload angle, TPU Tissue
perfusion unit, P/ Perfusion index, MFI Microvascular flow index, PPV Percentage of perfused vessels, StO2 Tissular saturation in 02, THI Tissular hemoglobin index, TVD
Total vessel density, PVD Perfused vessel density, HI Heterogeneity Index. (¥) = p < 0,05

Table 4 Comparison between bolus mode and continuous

infusion.
BOLUS CONTINUOUS p
INFUSION
MACROCIRCULATION
MAP (mmHg) +21(15;30) +16(9,26) 0,07
HR (/min) -8(-12;-6) -7(-10;-4) 02
CO (L/min) -15L¢-1,1;-24) -09(-15;-0,2) < 0,001
SV (mL) -11(-8;-20) -7(-13;-3) 0,009
GALA (°) +12(6-15) +7(3-12) 0,04
MICROCIRCULATION
PHOTOPLETHYSMOGRAPHY
Pl (finger)(%) -12(-24;0) + 12 (4-20) 0,008
VIDEOCAPILLAROSCOPY
MFI -0,1 (-0,24,-0,06) +0,3(0,1-0,4) 0,03
TVD (mm2/mm2) -0,2(-0,2-0,7) +23(1,5-32) 0,002
PVD (mm2/mm2) -036(-1,5;-08) +144(-0,7;+3) 0,01
HI (%) -0.24 (-0,2;0,36) +0.04 (-049;0,25) 0,08

MAP Mean arterial pressure, HR Heart rate, CO Cardiac output, SV Stroke volume,
GALA Global afterload angle, TPU Tissue perfusion unit, Pl Perfusion index, MF/
Microvascular flow index, PPV percentage of perfused vessels, TVD Total vessel
density, PVD Perfused vessel density, HI heterogeneity index

MACRO MICRO

60

40

20

Percentage variations

-40

MAP SV CO GALA MFI TvD PVD PI
Fig. 2 Comparison between the effect of a bolus (in red)
and a continuous infusion (in blue). MAP = mean arterial pressure
(mmHg); SV = stroke volume (mL); CO = cardiac output (L/min); GALA
= global afterload angle (°); MFI = microvascular flow index; TVD =
total vessel density (in mm2/mm2); PVD = perfused vessel density
(mm2/mm?2); Pl = perfusion index

Microcirculatory parameters

Intra- and interindividual variability for the assessment
of the MFI score was good, with kappa coefficients of
concordance of 0.82 and 0.87, respectively (p<0.05).
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Microcirculatory parameters before bolus and continu-
ous infusion were not different.

Effect of a bolus of norepinephrine (Table 2): Nor-
epinephrine boluses led to a downward but not signifi-
cant trend in MFI from 2,16 [1,72-2,64] to 2,06 [4] (p
= 0,09) and TVD from 14,1 [1, 9-11, 11-16] to 13,9 [4,
7-11, 11-15] (p=0.22). PVD also increased significantly
from 10,1 [5, 9-11] to 11,8 [1, 7-10, 10-13] mm2/mm2
(p=0,01). This was associated with a significant decrease
in PI of -12 [1-9, 9-24] % (p=0,006). Concomitantly, we
observed an early and transient increase in TPU at T30s
(+14 [2, 2-9, 9-26] % (p=0,003)). No significant variation
concerning the remaining parameters was observed.

Effect of a continuous infusion (Table 3): Norepi-
nephrine continuous infusions were associated with
an upwards but nonsignificant trend in MFI from 1,8
[1,7-2] to 2,1 [4] (p = 0,07) and a significant increase in
TVD from 15,1 [1-5, 5-14, 14, 15] to 17,4 [6, 7, 7-15,
15-18] mm2/mm2 (p = 0,007). Concomitantly, PI also
increased but not significantly by + 12 (4-20)%. In con-
trast, we observed a decrease in StO2 at thenar eminence
(p=0,03).

Comparison between bolus and continuous infusion
at peak of MAP: bolus and continuous infusion showed
overall opposite variations in microcirculatory param-
eters, as MFI (-0,1(-0,24;-0,06) vs. +0,3(0,1-0,4), p=0,03),
PI (-12(-24;0) vs. +12(4-20)%, p=0,008), TVD (-0,2(-0,2-
0,7) vs. +2,3(1,5-3,2)mm?/mm?, p=0,002), for bolus and
continuous infusion, respectively. The results are exposed
in Table 4 and Fig. 2.

Discussion
Our results showed that bolus and continuous infusion of
norepinephrine had different macro- and microcircula-
tory effects.

(1) At the macrocirculatory level, continuous infusion
resulted in a smaller decrease in CO and SV and a
smaller increase in afterload than bolus administra-
tion.

(2) At the microcirculatory level, continuous infusion
enhanced blood flow and vessel density, while these
variables were impaired with a bolus.

These results on macro and microcirculation enlighten
the potential benefits of a continuous infusion of norepi-
nephrine rather than a bolus to treat anaesthesia-induced
hypotension.

We believe these results are important : in daily prac-
tice, the use of vasopressors to correct IOH is still mainly
administered in a bolus [13, 28, 29], as IOH often occur
at specific and usually short operative times (postinduc-
tion period, prone positioning, transient increase in
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hypovolemia, etc.), where the result of a bolus of vaso-
pressors provides a concrete response on ABP in terms
of both effectiveness and practicality. In a recent study,
among 410 anesthesiologists and anesthetic nurses, 90%
of the responders used norepinephrine at low dilution
(16 gammas/ml or less). 26% reported using exclusively
boluses and 54% revealed using both bolus and continu-
ous infusion [30].

Even though the level of MAP reached with a continu-
ous infusion could be slightly lower, those results argue
for the preferential use of a continuous infusion of nor-
epinephrine, rather than a bolus, to treat IOH.

Norepinephrine and macrocirculation

Our work shows that norepinephrine could have delete-
rious effects on macrocirculation. Its use leads to a sub-
stantial decrease in CO and SV and to increased arterial
stiffness. This is in line with previously published studies
[6, 7, 9]. However, it must be mentioned that those effects
are described in a very specific population: patients
undergoing a scheduled neurosurgery/neuroradiology
procedure, without hypovolemia and any previous circu-
latory failure.

Interestingly, we found that continuous infusion might
lead to a smaller decrease in CO and SV than bolus infu-
sion. It would allow a lesser increase in arterial stiffness
and a conservation of SV via a lesser increase in afterload
reflected by GALA angle variations.

Mechanisms explaining norepinephrine’s effects on CO
remain uncertain, but hypotheses could be made of an
association between the following:

— Increased cardiac inotropism driven by Norepineph-
rine’s beta agonist effect

— Venous constriction, increased mean circulatory fill-
ing pressure and ventricular preload

These mechanisms must be essentially present in con-
tinuous infusion administration, and it can potentially
be argued that the rapid and acute increase in MAP
during bolus administration involves other compensa-
tory and protective mechanisms, such as the baroreflex,
which are not, or are less involved, in continuous infusion
administration.

Norepinephrine and microcirculation
Because of its al-adrenoreceptor agonist properties, nor-
epinephrine appears to lead to decreased tissue perfusion
when a bolus is administered. This is consistent with the
results published by Poterman et al. [13].

Interestingly, the effects of continuous perfusion did
not seem to reproduce this deleterious effect, and instead
we observed a tendency to improve microcirculatory
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flow and density. In a prospective study, Flick et al. were
using norepineprhrine in continuous infusion on patients
having surgery with moderate blood loss. The moder-
ate blood loss and the introduction of catecholamines in
continuous infusion had not detrimental effect on sublin-
gual microcirculation either [31].

These results could be explained by various reasons:

— First, as already discussed, the rapid increase in MAP
during the bolus administration might enhance an
adaptive mechanism of protection and autoregula-
tion, such as intense vasoconstriction.

— Second, the bolus mode of administration provokes
a greater increase in norepinephrine plasma con-
centration levels compared to continuous adminis-
tration, even if the total dose (10 vs. 16 gammas) is
smaller. This could be at the origin of a greater stimu-
lation of al-adrenoreceptors and precapillary sphinc-
ters.

— Third, CO is a major determinant of tissue perfusion
even if mechanisms of autoregulation exist at the cel-
lular scale.

At the end of the process, the combined decrease in
CO and greater tissue vasoconstriction may explain the
decrease in flow and vessel density.

S$tO2 and videocapillaroscopy seem to show contradic-
tory results when looking at continuous infusion effects.

One could argue that variations in regional blood flow
at the administration of norepinephrine should be con-
sidered differently depending on the organ of focus. Con-
sequently, we can logically suppose that norepinephrine
leads to cutaneous vasoconstriction, which is responsible
for the decrease in microcirculatory parameters reflect-
ing capillary density in that particular territory (StO2
and/or THI). On the other hand, in the central loca-
tion (as the sublingual area), the effects could be oppo-
site, with a central redistribution of blood consecutive to
peripheral vasoconstriction.

Study limits
This study had some limitations

This is an observational study with a small sample size
of patients, and clinical implications should be care-
fully considered. The smaller size of continuous infu-
sion sequences analysed in videocapillaroscopy could
be responsible for selection bias. This small sample is
partially due to difficulties encountered during record-
ing attempts, with restricted access to the mouth.
These limitations are also linked to the device (which
requires a very precise use and permanent removal of
saliva) and explain why videocapillaroscopy, even if
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very intriguing, is not an easily used bedside tool for
daily practice, at least in the operating room. Difficulty
in recording is accountable to a certain power in our
study.

Our results cannot be generalized to other types of
shock as we studied a population of carefully selected
patients who only presented anaesthesia-induced hypo-
tension. As previously published, the effects on macro-
and microcirculatory parameters of norepinephrine
could be different depending on the haemodynamic
state of the patient before infusion [32, 33].

The absence of randomization might be responsible
of selection bias. Because the intervention (bolus or
continuous infusion) is at the discretion of the anaes-
thesiologist, boluses and infusions could be compared
in different physiologic situations.

As mentioned earlier, the increase in MAP appears
to be greater, although not significant, with the bolus
mode of administration, which could have influ-
enced our results on the macro- and microcirculatory
parameters. The differences observed may be slightly
overestimated.

It could also be argued that the comparison between
different moments (T60, T180 and T300 seconds) is not
relevant. More than the comparison of two moments
(T60 vs T300), we tried to compare two ways of admin-
istrating the same drug when the effect on MAP was
at its maximal. Those times were decided before we
started the protocol, and are based on a study we are
about to publish, focusing precisely on pharmacody-
namics/pharmacokinetics effects of norepinephrine.

We decided to put in light the results offered by the
videocapillaroscopy more than the other monitors : PI
seems to have the same variations but it is true that
laser Doppler, tissular CO2 and the StO2 are not always
going the same way. The main reason we decided to
present the results that way is that today videocapilla-
roscopy is seen as the gold standard monitor of micro-
circulation since several years, and the most precise
device, even if recording might be difficult. The recent
publication of the consensus of 2018 is a reflection of
the interest showed by the scientific community. We
decided to present all the results, even those evolving
in a opposite way, because we found it interesting for
the readers. Our final experience remains that some of
the monitors we used (tissular CO2, StO2) have not the
capacity of detecting such rapid moves as we wanted
to study. Their time of reaction doesn’t allow to make a
sure and certain conclusion.

Last, we do not report the post-operatives outcomes
of the patients we studied. The reason is the study
design was not powered for this, as it was a preliminary
work. Our results pave the way for an randomized trial.
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Conclusion

These results on macro and microcirculation enlighten
the potential benefits of a continuous infusion of nor-
epinephrine rather than a bolus to treat anaesthesia-
induced hypotension.

Indeed, continuous infusion of norepinephrine
appears to preserve microcirculatory flow and capillary
density and results in a smaller decrease in CO com-
pared with the bolus mode of administration. Future
studies are still warranted to confirm these results in a
larger sample of patients.
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