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ORIGINAL ARTICLE
Treatment of spinal anaesth
esia-induced hypotension
with cafedrine/theodrenaline versus ephedrine during
caesarean section

Results from HYPOTENS, a national, multicentre, prospective,
noninterventional study

Peter Kranke, G€otz Geldner, Peter Kienbaum, Hans Jürgen Gerbershagen, Daniel Chappell,

Jan Wallenborn, Susanne Huljic, Tilo Koch, Thomas Keller, Stephan Weber, Oliver Kunitz,

Ulf Linstedt and Leopold H.J. Eberhart, the HYPOTENS study group
BACKGROUND In Germany, hypotension induced by spinal
anaesthesia is commonly treated with a combination of
cafedrine hydrochloride (C, 200 mg) and theodrenaline
hydrochloride (T, 10 mg) in 2 ml. We compared the effec-
tiveness of C/T with ephedrine.

OBJECTIVES The primary objectives were to assess the
speed of onset and the ability to restore blood pressure
without an increase in heart rate. Secondary objectives were
to evaluate maternal/foetal outcomes and the number of
required additional boluses or other additional measures.

DESIGN HYPOTENS was a national, multicentre, prospec-
tive, open-label, two-armed, noninterventional study compar-
ing C/T with ephedrine in two prospectively defined cohorts.
This study relates to the cohort of patients receiving spinal
anaesthesia for caesarean section.

SETTING German hospitals using either C/T or ephedrine in
their routine clinical practice.

PATIENTS Women aged at least 18 years receiving spinal
anaesthesia for caesarean section.

INTERVENTIONS Bolus administration of C/T or ephedrine
at the discretion of the attending anaesthesiologist.
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MAIN OUTCOME MEASURES Endpoints within 15 min
after initial administration of C/T or ephedrine were area
under the curve between the observed SBP and the mini-
mum target SBP; and incidence of newly occurring heart rate
of at least 100 beats min�1.

RESULTS Although effective blood pressure stabilisation
was achieved with both treatments, this effect was faster and
more pronounced with C/T (P<0.0001). The incidence of
tachycardia and changes in heart rate were higher with
ephedrine (P<0.01). Fewer additional boluses (P<0.01)
were required with C/T. Although favourable neonatal out-
comes were reported in both groups, base deficit and lactate
values were greater with ephedrine (P<0.01). Physician
satisfaction was higher with C/T.

CONCLUSIONS After C/T, tachycardia was not a problem,
providing an advantage over ephedrine. Fewer additional
boluses were required with C/T, suggesting greater effec-
tiveness. An increased base deficit with ephedrine suggests
reduced oxygen supply or increased demands in foetal
circulation.
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Introduction

Spinal anaesthesia-induced hypotension (SAH) occurs

frequently during caesarean section and is primarily

caused by sympathetic nerve blockade. SAH has a nega-

tive impact on patient wellbeing, and in the awake

parturient, it causes nausea, dizziness and vomiting.1

Maternal hypotension can also have adverse effects on

the foetus by decreasing uteroplacental blood flow, neg-

atively affecting Apgar scores as well as causing foetal

acidosis and other signs of distress such as tachypnoea.2,3

Rapid and precise restoration of blood pressure is there-

fore essential to prevent negative maternal and neonatal

outcomes.

Preventive measures such as fluid pre- or co-loading can

be used for the management of maternal hypotension.

However, pharmacological treatment with vasoactive

substances has become the method of choice in recent

years.4 Phenylephrine and ephedrine are both commonly

used during caesarean section and are recommended by

international guidelines.2 However, due to effects on the

foetal circulation, the choice of vasopressor can be con-

troversial, with the use of ephedrine being associated

with negative effects on foetal blood base excess and

pH.5,6 Furthermore, phenylephrine has been shown to

affect maternal cardiac output by significantly reducing

heart rate.7 In recent treatment algorithms, a stratified

approach has been suggested where phenylephrine or

ephedrine is selected depending on the heart rate of the

parturient. Results from clinical practice surveys indicate

there has been a shift to the use of phenylephrine as the

first-line choice for treatment and prevention of maternal

hypotension.2,8,9 Investigation of other agents is a focus of

current research and there is particular interest in the use

of norepinephrine as an alternative.10 However, the dos-

ing strategy for norepinephrine may depend on repetitive

boluses that require additional input, or the use of smart

infusion pumps.11,12

In Germany, a 20 : 1 mixture of cafedrine/theodrenaline

(C/T, Akrinor, ratiopharm GmbH, Ulm, Germany),

which can be administered via bolus injection, is an

established alternative to treat hypotension. A nation-

wide survey conducted in 2011 found that C/T was the

vasopressor of choice in 86% of surveyed anaesthesiology

departments.13 The a1 and b1 adrenoceptor activity of

C/T produces a rapid and sustained increase in blood

pressure without negative effects on umbilical cord arte-

rial pH or Apgar scores.14,15 In addition, maternal heart

rate appears to remain stable during treatment with

C/T.16,17 In a recent retrospective study, the efficacy

and safety of C/T was demonstrated to be comparable

with ephedrine and phenylephrine for the treatment of

hypotension in patients undergoing caesarean section.14

Here, we report results comparing C/T with ephedrine in

a prospectively defined cohort of parturients from the

HYPOTENS study who received spinal anaesthesia for
Eur J Anaesthesiol 2021; 38:1067–1076
caesarean section.18 The results for a cohort of patients

undergoing general anaesthesia for surgical procedures

with an increased risk of developing intra-operative

hypotension, in patients aged �50 years with comorbid-

ities, have been published previously.19 The primary

objective was to investigate the speed of onset and the

ability of each drug to restore blood pressure without a

clinically relevant increase in heart rate. Secondary

objectives included maternal and foetal outcome param-

eters and assessments of the number of additional

boluses of drug or additional measures required to treat

hypotension.

Materials and methods
HYPOTENS (clinicaltrials.gov: NCT02893241, German

Clinical Trials Register: DRKS00010740) was a national,

multicentre, prospective, open-label, two-armed, nonin-

terventional study, designed to compare the effective-

ness of C/T with ephedrine for treatment of intra-

operative hypotension in two prospectively defined

cohorts. A detailed description of the HYPOTENS study

design, recruitment, patient population and endpoints

has been published previously.18

The ethics committee of the Philipps University of Mar-

burg approved the study on 15 April 2016 (Az.14/16;

chairman: Professor Dr G. Richter). Confirmation of this

approval was provided to participating physicians so the

study could be approved by their local ethics committees.

Written informed consent was obtained from all patients.

The study complied with the latest version of the Decla-

ration of Helsinki.

Patient population
Patients were recruited between July 2016 and February

2018 from 34 participating centres that used either C/T or

ephedrine in their routine clinical practice. A computer-

aided matching process was used to pair similar depart-

ments for comparison based on prespecified criteria.18

Women at least 18 years of age who received spinal

anaesthesia for elective (or nonemergency) caesarean

section and who experienced hypotension requiring drug

treatment were included in this cohort. Patients with

contraindications to the use of C/T or ephedrine, those

who received prophylactic treatment with either study

drug or other antihypertensive agents, or patients with

sepsis, septic shock or systemic inflammatory response

syndrome were excluded from the study. Patients with

high-risk pregnancies, severe foetal malformation, multi-

gravid pregnancies, chorioamnionitis or those who under-

went emergency caesarean section were also excluded.

Definition of hypotension
Hypotension was defined as a SBP less than 100 mmHg

and/or a drop of more than 10% compared with the

baseline pre-operative SBP.
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Study design
Patients were treated with either C/T or ephedrine

depending on the drug routinely used in the participating

institution. According to the noninterventional nature of

the study, the attending anaesthesiologist made the

decision whether to treat a patient for hypotension and

therefore include them in the study. For each patient, an

individually defined minimum target SBP (SBPmin) was

determined by the anaesthetist, based on comorbidities

and the clinical situation, and documented before the

initial bolus was administered. This target SBPmin served

as a benchmark for all measurements taken after the

initial treatment. The observation period was for 15 min

after the first dose of drug. Any additional boluses or

additional measures to control blood pressure were

also recorded.

Study medication
C/T (cafedrine hydrochloride 200 mg, theodrenaline

hydrochloride 10 mg, per 2 ml solution for injection,

ratiopharm GmbH, Ulm, Germany) and ephedrine

(ephedrine hydrochloride 10 mg per 1 ml solution for

injection, Sintetica GmbH, Münster, Germany) were

used in this study. Throughout the manuscript, the dose

of C/T administered is expressed in terms of cafedrine

only. The attending anaesthesiologist determined the

bolus dose. Anaesthesiologists were permitted to alter

or initiate use of concomitant medications at any time.

Trial endpoints
Two primary endpoints were assessed for the observation

period: The area under the curve (AUC) between the

observed SBP and the SBPmin and the incidence of newly

occurring heart rate of at least 100 beats min�1. For the

area under the curve, the differences between the mea-

sured blood pressure and SBPmin were squared so that

high deviations were over-proportionally weighted.18

To confirm superiority of either study medication, at

least one of the two primary endpoints needed to be

demonstrated. A multiple testing situation was taken

into account by adjusting the alpha level (0.025).

Changes from baseline in SBP and heart rate after the

initial injection of drug were investigated during post hoc

analyses. Secondary endpoints analysed during the trial

included neonatal outcome parameters: Apgar score,

umbilical arterial pH, base deficit and lactate. Other

endpoints included the number of additional boluses

of drug or accompanying measures to treat the hypoten-

sion (e.g. fluid infusion, maternal position changes, nor-

epinephrine and so on) within the first 15 min after the

initial injection of the study drug. See Supplemental

Data 1 http://links.lww.com/EJA/A521 for a list of all

secondary endpoints. Physicians were prompted to

assess treatment satisfaction and the effectiveness of

the study drug for each patient in terms of speed of
onset and precision with a numerical rating scale from

one (very good) to six (very poor).

Safety
An adverse drug reaction (ADR) was defined as ‘any

noxious and unintended response to a medicinal product,

which occurs either following approved administration of

the medicinal product at the normal dosage or following

incorrect use as a result of medication errors, overdose,

misuse (off-label use) and abuse’.

Statistical analysis
Analyses were performed using SAS software version 9.4

(SAS Institute Inc., Cary, North Carolina, USA). Details

on the statistical analyses performed in this study have

been published previously.18,19 The results presented are

the estimated differences between treatment arms

according to the mixed model analyses (direction: C/T

compared to ephedrine (E)).

Results
A total of 343 patients (C/T, n¼ 170; E, n¼ 173) were

enrolled in this cohort (Fig. 1). Of these patients, 283

patients (C/T, n¼ 156; E, n¼ 127; 82.5%) were treated

according to the monitoring plan (per-protocol analysis

set). The most common reason for exclusion was ‘Pro-

phylactic administration of C/T or ephedrine or other

antihypotensives’ (C/T, n¼ 10; E, n¼ 43; P< 0.0001).

Maternal characteristics were comparable between treat-

ment groups (Tables 1 and 2). The proportion of patients

with cardiovascular comorbidities was slightly higher in

the C/T arm, but not significantly so (P¼ 0.31). The most

common cardiovascular comorbidity was hypertension:

C/T, n¼ 8/12 patients (66.7%); E, n¼ 4/6 patients (66.7%).

The diagnosis of hypotension and administration of the

initial C/T or E dose was made on average 8.5 min (C/T)

and 7.9 min (E) after the start of anaesthesia (Table 3).

Maternal haemodynamic parameters are summarised in

Table 2. SBP (mean�SD) at the time of diagnosis of

hypotension was 92� 16 mmHg in the C/T arm and

92� 13 mmHg in the ephedrine arm. Mean targeted

SBP increase, defined as the difference between the

minimum target SBP value assigned by the attending

anaesthetist and the SBP value taken at diagnosis of

hypotension, was notably higher in the C/T arm: C/T,

25� 12 mmHg; E, 20� 10 mmHg; P< 0.0001.

The mean initial dose of study drug was

0.83� 0.43 mg kg�1 (70� 34 mg) in the C/T arm and

0.19� 0.08 mg kg�1 (16� 7 mg) in the ephedrine arm.

The mean total cumulative dose within the observation

period was 1.36� 0.88 mg kg�1 (113.8� 70.7 mg) for C/T

and 0.37� 0.25 mg kg�1 (31.1� 20.0 mg) for ephedrine.

Hypotension was diagnosed before the skin incision in the

majority of cases. Before the incision: C/T, 80.8% (n¼ 126)
Eur J Anaesthesiol 2021; 38:1067–1076

http://links.lww.com/EJA/A521
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Fig. 1 Flow chart showing patients analysed as part of the HYPOTENS caesarean section cohort

Not eligible*
n = 47

– Treatment of hypotension in patients 
with SBP ≥100 mmHg and drop in 
blood pressure less than 10% SBP 
compared to pre-operative baseline 
(n = 2)

– Prophylactic administration of C/T or 
E or other anti-hypotensives (n = 43)

– Multiple pregnancy (n = 1)
– Patient administered 

antihypotensive drug, although 
site/department belongs to another 
treatment arm (n = 1)

FAS population
N = 343

C/T-treated patients
n = 156

E-treated patients
n = 127

C/T-treated patients
n = 170

E-treated patients
n = 173Not eligible*

n = 14
– Treatment of hypotension in patients 

with SBP ≥100 mmHg and drop in 
blood pressure less than 10% SBP 
compared to pre-operative baseline 
(n = 4)

– Prophylactic administration of C/T or 
E or other anti-hypotensives (n = 10)

– Multiple pregnancy (n = 0)
– Patient administered 

antihypotensive drug, although 
site/department belongs to another 
treatment arm (n = 0)

�Patients may be included in more than one exclusion category. C/T, cafedrine/theodrenaline; E, ephedrine; FAS, full analysis set.
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and E, 85.8% (n¼ 109); at the time of the incision: C/T,

5.1% (n¼ 8) and E, 2.4% (n¼ 3): after the incision: C/T,

14.1% (n¼ 22) and E, 11.8% (n¼ 15). On average, the time

between the first administration of the study drug and the

incision was 5.0� 6.3 min in the C/T arm and 5.1� 5.8 min

in the E arm.

No differences were observed regarding the total

volumes of fluid used during the procedure (Supplemen-

tal Data 2 http://links.lww.com/EJA/A521). There was

also no difference in the volume of blood lost during

caesarean section between treatment arms (Supplemen-

tal Data 3 http://links.lww.com/EJA/A521), although this

was lost mostly after the observation period.
Table 1 Maternal characteristics

Parameter C/T (n U 156) E (n U 127) P

Age (years) 34�5 33�5 0.887
Weight (kg) 88�20 88�20 0.891
Height (cm) 166�7 166�7 0.987
ASA physical status

I 49 (31) 47 (37) 0.323
II 105 (67) 77 (61) 0.244
IIII 2 (1) 3 (2) 0.493

Comorbidities 66 (42) 53 (42) 0.922
Cardiovascular comorbidities 12 (8) 6 (5) 0.309
Left-side positioning

08 to 108 98 (63) 69 (54) 0.149
108 to 208 55 (35) 53 (42) 0.265
208 to 308 3 (2) 5 (4) 0.309

Local anaesthetics
Bupivacaine hyperbaric 104 (67) 57 (45) <0.001
Bupivacaine isobaric 45 (29) 62 (49) <0.001
Other (Hyperbaric or Isobaric) 7 (5) 8 (6) 0.499

Data are mean�SD or n (%). ASA, American Society of Anesthesiologists; C/T,
cafedrine/theodrenaline; E, ephedrine.

Eur J Anaesthesiol 2021; 38:1067–1076
Effectiveness endpoints

Area under curve between observed SBP and SBPmin

Mean AUC values were not significantly different

between treatment arms: AUC values (mmHg2 � min)

were C/T, 12.36; E, 10.68; difference estimate (97.5%

CI), 0.64 (–0.21 to 1.50); P¼ 0.0903 (Box-Cox transfor-

mation was performed in an effort to normalise skewed

AUC data). Despite this, post hoc analysis showed that

for the combined total of all SBP measurements during

the 15-min observation period the mean SBP increase

from diagnosis was faster and more pronounced in the

C/T arm (difference estimate (95% CI), 3.46 mmHg [2.12

to 4.81]; P< 0.0001; Fig. 2).

New occurrence tachycardia (heart rate �100 beats min�1)

In the per-protocol analysis set, 139 (49.1%) patients

experienced a new occurrence of tachycardia during
Table 2 Maternal haemodynamic parameters: pre-operative and at
the time hypotension was diagnosed

Parameter C/T (n U 156) E (n U 127) P

Pre-operative
SBP (mmHg) 139.0�19.1 137.6�17.7 0.8112
DBP (mmHg) 81.5�13.5 81.9�13.5 0.8677
HR (beats min�1) 92.6�14.9 92.9�15.8 0.9139

At time of diagnosis
SBP (mmHg) 92�16 92�13 0.6142
DBP (mmHg) 50�13 50�11 0.5837
HR (beats min�1) 86�22 87�23 0.6153
MAP (mmHg) 64�13 64�10 0.5367

Targeted SBP increase
(mmHg)

25�12 20�10 <0.0001

Data are mean�SD. C/T, cafedrine/theodrenaline; E, ephedrine; HR, heart rate;
MAP, mean arterial pressure.

http://links.lww.com/EJA/A521
http://links.lww.com/EJA/A521


Cafedrine/theodrenaline versus ephedrine 1071

Table 3 Baseline characteristics for the caesarean section and the newborns

C/T (n U 156) E (n U 127)

Parameter n n P

Baseline caesarean section characteristics
Gestation (weeks) 156 38.5�1.4 127 38.4�1.5 0.7355
Primary/secondary caesarean section (%) 156 92 / 8 127 90 / 10 0.5815

Start of anaesthesia to
Diagnosis of hypotension (min) 156 8.5�6.4 127 7.9�5.6 0.5619
Incision (min) 156 13.7�5.8 127 13.2�5.1 0.8075
Uterotomy (min) 156 18.5�7.8 127 17.6�5.9 0.7206
Cord clamping (min) 156 20.2�8.0 127 19.2�6.1 0.5404

Neonatal characteristics and outcome
Umbilical arterial pH 142 7.32�0.05 117 7.31�0.07 0.3371
Umbilical venous pH 86 7.36�0.05 73 7.34�0.07 0.1134
Foetal acidosis (UA pH<7.2) (%) 142 2.8 117 7.7 0.0737
UA base deficit 132 –1.11�2.15 103 –1.98�2.35 0.0093
Weight (g) 156 3421�534 127 3312�536 0.1970
Male/Female (%) 156 58 / 42 127 54 / 47 0.4192
Lactate (mg dl�1) 70 18.1�6.2 25 25.8�13.5 0.0060

Data are mean�SD, or %. C/T, cafedrine/theodrenaline; E, ephedrine; UA, umbilical cord arterial blood.
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the first 15 min after drug administration. A significantly

higher incidence of newly occurring tachycardia was

observed in E-treated patients [C/T, 40.4% (n¼ 63); E,

59.8% (n¼ 76)]. The overall treatment effect was found

to be statistically significant [odds ratio (OR) estimate

(97.5% CI): 0.45 (0.25 to 0.80), P¼ 0.0021]. A treatment-

dependent effect was shown on absolute change in heart

rate (beats min�1) from diagnosis, with C/T showing

lower values during the first 15 min after administration

(Fig. 3). The overall difference was statistically signifi-

cant [difference estimate (95% CI): –8.9 beats min�1

(–10.5 to –7.3), P< 0.0001]. A transient decrease in heart

rate from baseline levels was observed in the C/T arm but

heart rate was increased in the E arm.
Fig. 2 Change in SBP during the first 15 min after the diagnosis of hypoten
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Data are mean�SD. The dotted horizontal line indicates the blood pressur
C/T and E, respectively. C/T, cafedrine/theodrenaline; E, ephedrine.
Treatment with C/T required fewer additional boluses and

accompanying measures

The proportion of patients requiring no additional

boluses was numerically higher in the C/T arm, but

not significantly so: C/T, 47.4%; E, 36.2%; P¼ 0.269

(Fig. 4). The mean number of additional boluses was

significantly lower in the C/T arm: C/T, 0.8; E, 1.2;

P< 0.01 (Fig. 5). Although the proportion of patients

in the C/T group requiring no additional accompanying

measures was lower than in the E group, this was not

statistically significant: C/T, 69.2%; E, 63.0%; P¼ 0.0576

(Fig. 4). The mean number of accompanying measures

was slightly lower in the C/T arm, but not significantly so:

C/T, 0.35; E, 0.49; P¼ 0.174. The types of accompanying
sion and the administration of C/T or E

10 15

e (min)

E C/T

e level at diagnosis. Dark and light grey lines represent SBPmin for both
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Fig. 3 Change in heart rate during the first 15 min after the diagnosis of hypotension and the administration of C/T or E
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Fig. 4 Frequencies of additional drug boluses or accompanying measures used to stabilise blood pressure during the 15-min observation period in
patients treated with C/T (n¼156) or E (n¼127)
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The proportions of patients requiring no additional boluses or accompanying measures were not significantly different between treatment arms
(P¼0.0576 and P¼0.269, respectively). C/T, cafedrine/theodrenaline; E, ephedrine.
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Fig. 5 Number of additional boluses with C/T or E up to 15 min after
initial administration
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theodrenaline; E, ephedrine.

Fig. 6 Neonatal outcomes, including pH of arterial umbilical cord blood
(a), base deficit (b) and lactate (c)
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measures required for haemodynamic stabilisation

included volume loading (C/T, 19.2%; E, 26.0%), posi-

tional adjustment to improve venous return (C/T, 3.2%;

E, 5.5%), other drug therapy (C/T, 5.8%; E, 4.7%), and

other actions within the first 15 min after the first bolus

dose (C/T, 2.6%; E, 0.0%). Antiemetics, which can be

used to treat the side effects of hypotension, were used

more frequently in E-treated patients (C/T, 2.6%;

E, 9.5%; Fisher’s exact test, P¼ 0.0179).

Newborn outcomes
Neonatal and outcome parameters are summarised in

Table 3. There were no significant differences in Apgar

scores (mean�SD) at 1 min (C/T, 9� 0.7; E, 9� 0.9;

P¼ 0.58), 5 min (C/T, 10� 0.5; E, 10� 0.5; P¼ 0.75) and

10 min (C/T, 10� 0.3; E, 10� 0.4; P¼ 0.90). The pH of

arterial umbilical cord blood was comparable in both

treatment arms (Table 3 and Fig. 6a). The incidence

of foetal acidosis, defined as pH less than 7.2, was

numerically higher in the E arm, but not significantly

different (Table 3). There was a significant increase in

arterial base deficit (Table 3 and Fig. 6b) and lactate

values in the E arm (Table 3 and Fig. 6c).

Physician satisfaction and experience with C/T versus E
A mixed model analysis was used to examine endpoints

relating to physician satisfaction. Speed of onset was

evaluated as better in the C/T arm: odds ratio [OR

(95% CI), 2.32 (1.30 to 4.12); P¼ 0.0045] (Table 4). Speed

of onset was evaluated as being very good or good by 80%

of treating anaesthesiologists in the C/T arm versus 67%

in the E arm. Treatment precision was evaluated as better
Eur J Anaesthesiol 2021; 38:1067–1076
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Table 4 Physician satisfaction with cafedrine/theodrenaline or ephedrine

Speed Precision

Score C/T (n U 156) E (n U 127) P C/T (n U 156) E (n U 127) P

1 þ 2 80% 67% 0.0116 73% 57% 0.0039
3 þ 4 17% 28% 0.0264 26% 39% 0.0136
5 þ 6 3% 5% 0.3276 1% 4% 0.1526

Physicians were asked to score satisfaction on a scale between 1 (very good) and 6 (very bad). C/T, cafedrine/theodrenaline; E, ephedrine.
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in the C/T arm [OR (95% CI), 2.19 (1.30 to 3.68);

P¼ 0.0031] with treatment evaluated as very good or

good by 73% of anaesthesiologists in the C/T group

versus 57% in the E group. The anaesthetic proficiency

of the attending anaesthetist and their familiarity with

either study drug was comparable in both arms (Supple-

mental Data 4 http://links.lww.com/EJA/A521).

Safety
In the full analysis set (FAS) population (C/T, n¼ 170; E,

n¼ 173), the number of patients with documented ADRs

was seven in the C/T arm (4.1%) and 19 in the E arm

(11.0%), Fisher’s exact test: P¼ 0.0233. The most com-

mon ADRs were listed under the individually defined

categories of ‘Cardiac General’ (C/T: 5 [2.9%]; E: 10

[5.8%]) and ‘Cardiac Arrhythmia’ (C/T: 2 [1.2%]; E: 8

[4.0%]). No severe ADRs were reported in this cohort.

The number of patients experiencing adverse events was

13 (7.7%) in the C/T arm compared with 20 (11.6%) in the

E arm (P¼ 0.219).

Discussion
The aim of this study was to compare the effectiveness of

C/T with ephedrine in a cohort of patients receiving

spinal anaesthesia for caesarean section. Although both

phenylephrine and ephedrine are currently recom-

mended by international guidelines for use during cae-

sarean section,2 and low-dose norepinephrine is

suggested in the literature,4 phenylephrine was not reg-

ularly available in Germany at the time this study was

conceived. Phenylephrine is currently considered to be

the first-line choice for treatment and prevention of

SAH.2

Effective blood pressure stabilisation was achieved with

both C/T and E in this cohort. Although AUC values were

observed to be numerically higher in the C/T arm, the

difference between treatment arms was not statistically

significant. AUC values reported in the HYPOTENS

study reflect both the change in SBP and the minimum

target SBP defined by the treating physician. Although

SBP at diagnosis of hypotension was comparable between

both treatment arms, the targeted increase in SBP was

significantly higher with C/T, which affected the analysis

of this primary endpoint. This effect was also recently

described for the general anaesthesia cohort analysed as

part of the HYPOTENS study.19 The reason for this

higher targeted increase in SBP with C/T is not obvious.
Eur J Anaesthesiol 2021; 38:1067–1076
In accordance with the noninterventional nature of the

study, the determination of the target SBP, before the

initial bolus was administered, was at the discretion of the

anaesthetist, and differences will reflect the lack of a

consensus regarding optimal blood pressure targets. Fur-

thermore, data suggest that blood pressure targets should

be individualised to reduce the risk of postoperative

organ dysfunction following major surgery.20 The study

protocol also endeavoured to appropriately match surgical

departments based on predefined criteria, patient char-

acteristics as well as experience of the attending anaes-

thetists with their preferred study drug. As discussed

previously,19 one explanation could be that physicians

routinely observe a stronger effect (i.e. a higher SBP) with

C/T than E, and this higher SBP becomes their ‘norm’

resulting in higher targeted SBP values in the C/T arm.

This is supported by secondary data showing a more

pronounced SBP increase from pre-operative baseline

with C/T along with the use of fewer additional inter-

ventions. In addition, physicians could be afraid of certain

dose-dependent adverse effects (e.g. elevations in heart

rate), avoiding high doses of ephedrine by setting lower

SBP target values and preferring early intervention to

counteract arterial hypotension. Indeed, a high propor-

tion of patients in the E arm were excluded from the per-

protocol analyses due to ‘prophylactic administration of

C/T or E or other antihypotensives’.

The proportions of patients who received hyperbaric or

isobaric bupivacaine differed significantly between treat-

ment arms. It has been suggested in the literature that use

of isobaric bupivacaine results in increased occurrence of

hypotension. For example, a recent prospective cohort

study showed that parturients receiving isobaric bupiva-

caine for elective caesarean section had a significantly

higher incidence of hypotension when compared with the

hyperbaric bupivacaine group (82 versus 60%, respec-

tively).21 However, a recent systematic review showed no

evidence for any differences in the use or dosing of

ephedrine with hyperbaric or isobaric bupivacaine treat-

ment groups.22 Although more patients in the ephedrine

arm received isobaric bupivacaine in this study, which

could be seen to affect blood pressure values, SBP at

diagnosis was comparable.

The incidence of newly occurring tachycardia after initial

drug administration was considerably higher in patients

during caesarean section (139/283 patients, 49.1%) when

compared with the general anaesthesia cohort (75/1496

http://links.lww.com/EJA/A521
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patients, 5.0%).19 An elevated heart rate at the time of

diagnosis of hypotension may have contributed to this

marked difference. In this cohort, a 20% higher incidence

of tachycardia was observed in the ephedrine arm. C/T

may be more advantageous when compared with ephed-

rine in this respect, as tachycardia during caesarean

section is an undesired side effect of vasopressor treat-

ment. In addition, use of C/T does not require differen-

tial blood pressure management (e.g. ephedrine is

currently recommended instead of phenylephrine for

patients with bradycardia). Unlike pure alpha agonists,

differential blood pressure management is not needed

with C/T, as cardiac index even increases with C/T

treatment.17 Heart rate values were shown to increase

under ephedrine, while heart rate decreased transiently

under C/T. This is in accordance with the results of other

studies showing that heart rate is stimulated with ephed-

rine treatment,5,23 and ephedrine is recommended for

maternal hypotension during caesarean section in the

presence of bradycardia.2 No clinically relevant effect

on heart rate was seen with C/T.6

Our results show that fewer additional boluses of drug

and fewer accompanying measures were required to

restore haemodynamic stability (e.g. volume loading,

other drug treatments and so on) in the C/T arm. This

implies a favourable effect of C/T, as treatment of SAH

seems to be less demanding.16 More antiemetics were

administered in the ephedrine arm compared with the

C/T arm, which suggests a higher incidence of maternal

nausea/vomiting as a presentation of symptomatic hypo-

tension in the ephedrine arm. It is important to note that

maternal nausea/vomiting can be prevented through ade-

quate management of circulatory parameters, and the use

of antiemetics should be restricted to high-risk patients.1

In addition, the antiemetic ondansetron can potentially

be administered to attenuate spinal anaesthesia-induced

hypotension and brachycardia.24

Apgar scores and arterial pH values indicated good neo-

natal outcomes in this study. These data confirm previous

results showing that C/T treatment did not have a nega-

tive impact on umbilical cord pH and Apgar scores.15

However, mean arterial base deficit values were signifi-

cantly more negative in the ephedrine arm, and lactate

levels higher, suggesting a reduction in oxygen supply or

increased metabolic demands in foetal circulation. This is

in accordance with a previous study, in which ephedrine-

treated patients were found to have significantly more

negative umbilical (arterial and venous) base excess

values than phenylephrine treated patients.6

The subjective evaluation of treatment satisfaction by

the attending anaesthetist was superior in the C/T arm.

This result is not surprising given that fewer boluses

and additional measures were required in this treatment

arm. These observations and the interpretation of these

findings may be even more striking, considering that the
attending anaesthesiologists had comparable levels of

experience with the study drug used routinely in their

department. This tends to circumvent one of the lim-

itations of randomised controlled trials; medical staff

may be much more familiar with one intervention

compared with another intervention. In addition,

because C/T does not require a continuous infusion,

physicians may prefer this treatment to other options,

such as norepinephrine, for which administration with

syringe pumps is recommended. Bolus application of

norepinephrine requires repetitive dosing due to a

relatively short half-life, with a median of nine boluses

(interquartile range: 6 to 14) being reported between

induction of spinal anaesthesia and delivery in a previ-

ous study.25

There are some limitations in our study. Although

anaesthetists were advised to act appropriately to avoid

hypotension, we did not collect data on specific prophy-

lactic preloads and co-loads. As with any noninterven-

tional study, there are concerns about certain biases

when compared with randomised controlled trials. In

particular, the physicians’ experience with one or both

study drugs varied, which could impact the results when

compared with a randomised trial. In addition, the use of

nonequivalent doses between treatment arms could

have an effect on the number of additional measures

required; if one study drug is under-dosed compared

with the other, then additional measures and/or addi-

tional boluses may be required. As equivalent doses of

C/T and ephedrine have not been described in the

literature, these results should be interpreted with cau-

tion. Further research is warranted with a direct com-

parison of equivalent doses in a controlled clinical

setting. However, on the basis of the experience each

anaesthetist has with the drug used in their centre, it can

be assumed that the most efficient dosing regimen was

used to achieve the desired blood pressure in a short

time, without leading to hypertensive reactions. Thus,

in view of these considerations, nonblinded and non-

randomised trials may also be associated with some

unique features that actually represent strengths. Fur-

thermore, the estimates of equipotent drug doses

obtained during this trial may guide the design of

subsequent randomised controlled trials.

Conclusion
Both study treatments stabilised blood pressure effec-

tively. However, there was a more pronounced increase in

SBP in the C/T arm and physicians using C/T also

required fewer additional boluses, suggesting a better

efficacy of C/T therapy. C/T also conferred benefits with

regard to maintenance of a stable heart rate. Apgar scores

and umbilical cord blood pH were comparable between

treatment arms. However, base deficit was greater in the

ephedrine arm, which suggests reduced oxygen supply or

increased foetal demands.
Eur J Anaesthesiol 2021; 38:1067–1076
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