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Comparison of efficacy and safety of preemptive infusion protocols of
ephedrine and phenylephrine — prevention of hypotension and effects on
hemodynamic parameters during spinal anesthesia for caesarean section

[Topeheme edpukacHOCTH M 6€30€THOCTH MPEEMITTUBHHX MTPOTOKOJIa HH(Y3H]E

edenpuna u GperunedprHa — MPEBEHIIM]ja XUITOTCH3HU)€ U YTHUIIA] Ha

XeMOJMHAMCKE MapaMeTpe TOKOM CITMHAIHE aHECTEe3H]e 3a IIapCKH pe3

SUMMARY

Introduction/Objective Spinal anesthesia (SA) for cesarean
section may lead to the significant changes in hemodynamic
parameters, especially hypotension. The aim of this study
was to determine and compare the efficacy and safety of
preemptive infusion protocols of the two most commonly
used vasopressors, ephedrine (Group E, n=29) and
phenylephrine (Group P, n =31) not only on prevention of
hypotension but also to determine their effect on
hemodynamic parameters, such as stroke volume (SV) and
cardiac output (CO) using a continuous non-invasive
hemodynamic monitor.

Methods The infusion of ephedrine was administered at the
rate of 5 mg/min immediately after SA. Phenylephrine was
administered at an infusion rate of 25 pg/min for 2 minutes
prior to SA.

Results In Group E, mean systolic blood pressure (SBP)/and
heart rate (HR) were similar to baseline. CO was higher
(p <0.001), while systemic vascular resistance (SVR) was
lower than baseline (p < 0.001).<In Group P, mean SBP and
diastolic blood pressure (DBP)were lower than baseline,
respectively (p =0.006,.p <0.001). SBR, DBP; CO, SV,
systemic vascular. resistance (SVR), and HR were
significantly different between the E and P groups
(p < 0.001).

Conclusion E and P vasopressors are both effective in the
prevention of hypotension during SA.

Keywords: cesarean section; spinal anesthesia; ephedrine;
phenylephrine; hypotension; hemodynamic parameters

INTRODUCTION

CAXKETAK

YBoa/Huib Toxom cnmuanHe anecresuje (CA)-3a mapcku
pes3 foJa3u 10

3HAUajHUX  XEMOAWHAMCKHMX TPOMEHa, Kao U 10
xunotensyje. L[wb oBe cTyamje Ouo je aa ce yTBpAH U
ynopean  epUKacHOCT /M. 0e30€MHOCT  IIPEEMITUBHHUX
nHpy3noHnX mporokosia - aBa Hajuemthe  kopumrheHa
Bazonpecopa, edpenpuna (I'pyma E, H = 29) u ¢pennneppuna
(Tpyma II, H = 31), He camo..y LWBY NPEBEHIH]jC
xurnoTeHsnje, Beh panu yTBphuBama HUXOBOT YTHI@Aja Ha
XEMOJIMHAMCKE MapaMerape, Kao IITO j¢ yIapHH BOJYyMEH
(¥YB). mw wmumaytHH BOimymeH _ (MB) kopumhemem
KOHTHHYHPAHOT HEHHBAa3HBHOT XEeMOIMHAMCKOT MOHHUTOPA.
Metone Mudysmja edenpuHa je ykbydeHa y JO3H O 5
mg/min oagmax nakon CA. Uudysuja I1 je ykipyueHa y 103u
o1 25 ug/min, ra 2 min npe CA.

Pesyaratu Y rpynu E, cpenme BpeaHOCTH CHCTOJIHOT
kpBHOT mputucka (CKII) m cpuana ¢pexsennuja (CP) ce
HHUCY 3Ha4YajHO MPOMEHMUIH Y OAHOCY Ha 0a3aiiHe BPEIHOCTH.
MB je 6mo 3nauajHo Bumm (P < 0.001), noK je cucTeMcKu
Backynapau otop (CBO) 6mo 3HauajHO HMXKHU y OJZHOCY Ha
6azanne Bpeanoctd (P < 0.001). ¥V II rpymu, cpenme
BpenHoctn CKII m aujacronnor xpBHOr mpucrucka (JIKIT)
Ouite cy 3Ha4YajHO HIDKE y OJHOCY Ha 0a3aiiHe BPeIHOCTH (P
= 0.006, omnocHO p < 0.001). Cpenme Bpemnoctu CKII,
JKII, MB, VB, CBO u C® cy ce cTaTHCTHYKH 3HA4YajHO
pasmukoBaie m3mel)y E u IT rpyme (p< 0.001). Tacue
aHalM3e BEHCKE YMOMJIMKaJIHE KPBH Kao U Amrap ckop cy
OWJIM CITUYHH y 00€ rpyIe.

3akspyuyak E u I1 Basompecopu cy Beoma eeKTHBHH Yy
MIPEBEHIMjU XUHoTeH3Hje TokoM CA.

Kbyuyne pedyn: mpapcku pe3; CIHMHAIHA aHeCTe3Hja;
epenpuH; ¢eHmIeDpPHUH; XUMOTEH3HWja, XEMOIUHAMCKH
napameTpu

Due to the significantly higher percentage of morbidity and mortality under general

anesthesia, spinal anesthesia (SA) is now the method of choice [1]. Cesarean section under

SA leads to significant changes in hemodynamic parameters, such as preload, stroke volume
(SV), cardiac output (CO), heart rate (HR) and systemic vascular resistance (SVR) [2].

Hypotension occurs within approximately 70-80% of cases as a consequence of sympathetic

blockade in the affected areas of anesthesia, which might cause organ and placental

hypoperfusion. Acute hypotension reduces cerebral perfusion, which leads to transient
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ischemia and activates the vomiting center [3-6]. Fall in CO reduces oxygen delivery (DO>)
to organs and tissues, results in buildup of oxygen debt [7, 8, 9], causing complications after
SA. Other side effects of hypotension during SA are nausea, vomiting, dizziness, respiratory
problems, and fetal acidosis [10, 11].

The most commonly used drugs for hemodynamic optimization during cesarean section
areephedrine and phenylephrine [6, 11, 12]. Ephedrine leads to greater venoconstriction than
arteriolar constriction, increases BP, HR, improves venous return (preload), increases CO and
restores uterine perfusion [13]. Ephedrine may cause tachyphylaxis, and‘is associated with
increased risk of fetal acidosis [11, 13]. Phenylephrine increases venoconstriction and arterial
constriction, which increases BP, results in venous tone increase and favors venous return
(preload) and increases SVR [13-16].

The main goal of this study was to determine and.compare the efficacy and safety of
preemptive infusion protocols of ephedrine and phenylephrine not only on hypotension
prevention but also the associated hemodynamic changes during SA for cesarean section. Our
hypothesis was that the protocol of application of these drugs is of importance for
hemodynamic stability and that application of the given doses of ephedrine and
phenylephrine infusion prevents hypotension during the planned caesarean section in spinal

anesthesia.

METHODS

This study was designed as prospective and randomized and was approved by the ethics
committee of Dr Dragisa Misovi¢ — Dedinje University Hospital Center (Belgrade, Serbia),
with the protocol no. 01-5293/23, on April 28, 2017. This study recruited 60 patients (from
June 25, 2017 to April 25, 2018) divided randomly into Group P and Group E. Each patient
gave written informed consent to participate in the study. Inclusion criteria were as follows:
patients aged between 18 and 40, American Society of Anesthesiologists (ASA) 1 or 2
physical status, and single fetus. Exclusion criteria were as follows: less than 36 weeks
gestation, presence of cardiac, vascular, or neural diseases, body weight less than 50kg or

greater than 100 kg, height less than 150 cm, and presence of contraindications for SA.
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Protocol P group

Two minutes before the administration of SA, Group P received 25 pg/min of P
infusion and this was continued at 25 pg/min for the next three minutes. If SBP was
unchanged or reduced, the infusion resumed at the same rate. If SBP was greater than/20%
below baseline, patients received a rescue bolus of 50 pug P iv. If bradycardia occurred
together with SBP less than 20% below baseline, the infusion of P was continued at 25
pg/min, and 0.5 mg atropine was administered iv. If bradycardia occurredwith SBP equal to
or higher than baseline, P infusion was discontinued. If SBP exceeded 20% of baseline the

infusion of P was discontinued.

Protocol E group

Group E patients received E immediately after SA injection at a dose of 5 mg/min for
the first three minutes. The same dose was continued where SBP was unchanged or lower
than baseline. If SBP fell by greater than 20% of baseline, a rescue bolus dose of 5 mg E was
given iv. Where SBP was greater than 20% of baseline, E infusion was discontinued. Both
infusions were. administered via infusion pump (Argus 600S Argus Medical AG, CH 3627
Heimberg).

Bradycardia was defined as a heart rate less than 60 per min while hypotension was
defined as a reduction’in SBP greater than 20% of baseline. Hypertension represents increase
of SBP greater than 20% above baseline.

All patientsreceived50 mg of ranitidine iv and were pre-loaded with 500 ml of
Hartmann’s solution. During the cesarean section the infusion of Hartmann’s solution was
resumed. BP, HR, electrocardiogram (ECG), and oxygen saturation (SpO.) were recorded
using the DASH® 4000 monitor (GE Medical Systems Information Technologies,USA).BP
was measured automatically at three-minute intervals. Pre-induction values of BP, HR, CO,
SV, and SVR were recorded with continuous non-invasive hemodynamic monitoring LiDCO
RapidV?CNAP (LiDCO Ltd, London, UK). The Pulse COR algorithm is used for calculating
SV from the BP waveform using pulse power analysis, and the parameters were measured
continuously up to the end of the surgical procedure. It provides a nominal value for SV, CO
and SVR using patient demographic data of height, weight and age. Spinal anesthesia was
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given in the sitting position using a" pencil point" spinal needle of 25G (Pencan® B.Braun,
Melsungen AG, Germany). The patients received bupivacaine-spinal 0.5%2.0-2.2ml in
theL3/4 intervertebral space. The patients were then returned to the previous supine position
with the operating table tilted to the left side 15°.

Umbilical vein blood gas analyses were performed for acidity (pH), partial oxygen
pressure (PO2), partial carbon dioxide pressure (PCO2), and base excess-BE. Apgar score at 1
and 5 minutes was recorded for each newborn. The time from spinal, injection to baby
delivery and the time from SA to the end of surgery were also recorded.

For statistical analysis we used Kolmogorov-Smirnov test to‘examine distribution, then
parametric Student’s t-test for two independent groups’ comparison, the Wilcoxon signed-
rank test for paired groups, and y? test for frequency distribution analysis, using SPSS 19.0
IBM Corporation. Before the beginning of the study, we performed power of study analysis,

and our sample size was sufficient at power of 80%; p < 0.05 was considered significant.

RESULTS

Demographic characteristics and medical history of the patients are presented in Table
1. Body weight and height which were higher in Group E (p = 0.002, p = 0.086, respectively,
Student’s t-test, Table 1). Changes in the mean values of hemodynamic parameters between

groups were analyzed before(baseline), and at the time of vasopressor infusion (Table 2).

Mean baseline values of the hemodynamic parameters were not significantly different
between two groups (baseline values?, pt°, Table 2). The mean values SBP, DBP, CO, SV,
SVR, and HR changed significantly during the ephedrine and phenylephrine infusions
(pEP < 0.001, Student’s t-test, Table 2).

During the infusion, the mean values of SBP, DBP, CO, SV, and HR were significantly
higher in the Group E compared with Group P, while mean SVR was significantly lower in

the Group E compared with the Group P (Table 2).

During E infusion the mean DBP was significantly lower compared with baseline

values (p*? = 0.005, Wilcoxon’s test, Table 2). Mean values of CO and SV were significantly
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higher during E infusion compared with baseline values (p*? < 0.001, Wilcoxon’s test, Table

2); while SVR was significantly lower (p*? < 0.001, Wilcoxon’s test, Table 2).

In Group P the mean values of CO and SVR were not significantly changed during the
infusion compared with the baseline values. During P infusion, the mean SBP was lower than
baseline (p*? = 0.006, Wilcoxon’s test, Table 2), as was DBP (p? < 0.001, Wilcoxon’s test,
Table 2). SV was significantly increased compared with baseline (p'? = 0.001, Wilcoxon’s
test, Table 2). HR was significantly higher in Group E compared with Group P (p®” <0.001,
Student’s t-test, Table 2), and significantly lower than the baseline in Group P (p'? < 0.001,
Wilcoxon’s test, Table 2).

During the first 5-6 min. following SA and vasopressor administration until skin
incision, mean SBP values were similar in Groups E and P. During delivery and at the 5™ and
10" min. after delivery and up to the end of the procedure, significantly higher mean SBP

values were recorded in Group E compared with Group P (p < 0.001, Figure 1A).

In Group P, except in the first few minutes, SBP was lower than baseline. The largest
decrease in SBP was seenafter8-9 min of P infusion but average values were only about 10
mmHg lower than baseline (Figure 1B). In Group E there was a decrease of SBP between 3—
13 min. up to'6.5 mmHg (Figure 1B). Mean values of DBP in both groups were lower than

basal levels (Figure 1C).

No significant differences in the incidence of hypotensive and hypertensive episodes
were detected, and the average minimum and maximum SBP were similar between groups
(Figure 2).

Mean CO values in Group E were consistently higher than baseline after SA and up to
the end of the surgical procedure. In Group P, mean CO values were higher than baseline
only up to the 36" minute (Figure 3A). During the 2"Y min, after SA mean values of CO in
Group E increased significantly compared with baseline, and compared with Group P
(p <0.001, Figure 3A).

After delivery and up to the end of the procedure, lower mean Group P CO values were
recorded compared with Group E (Figure 3A). However, mean Group PCO values were
similar to baseline values. After the 36™ minute, (20 min from the delivery), and up to the end

of the procedure, mean values of Group P CO decreased compared with baseline. In Group E,
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CO was significantly higher up to the end of the procedure compared with baseline and
Group P, (p <0.001, Figure3A).

Both vasopressors increased SV. In Group ESV increased significantly after SA and E
in fusion in the 2" minute (p < 0.001, Figure 3B).During skin incision and delivery SV was
significantly higher in Group P compared with Group E (p <0.001,Figure 3B).From that
point Group E had higher SV than Group P until the end of the procedure.

SVR values were lower than baseline in both groups (Figure 3C).

After 5 minutes of infusion, Group E HR was increased above baseline up to 20"
minute. After 24" min, mean Group E HR were below baseline, but mean Group E HR was
consistently higher than mean Group PHR (Figure 3D). HR was higher in Group Eat skin
incision and delivery (p < 0.001, Figure 3D). Mean Group P HR was below baseline from the
5™ min. up to the end of the procedure.

Mean values of vasopressors infusion duration were significantly longer (p <0.001,

Student’s t-test, Table 3) in Group P compared with Group E.

Incidence of nausea and yvomiting were similar in both groups. The administration of

atropine was significantly higher in Group P (p = 0.029, ¥ test, Table 3).

Umbilical venous pH was lower than 7.2 in one case in the Group E. However, the
mean pH values in both groups were identical (7.36). No newborn had Apgar score lower
than 8 in the 1% minute and mean values of Apgar score were similar between groups. Gas

analysis of umbilical vein showed no significant differences between the Groups E and P.

DISCUSSION

In our study, after SA, CO values increased along with concomitant increase of HR and
SV. Liu et al. [17] detected a significant decrease in SVR and an increase in CO after SA

both before administration of phenylephrine(P) and before hypotension occurred.

In our study, P infusion was commenced 2 min prior to administration of SA. This was
followed by an increase in CO following SA as noted above but these changes were

significantly lower than in the Group E where ephedrine (E) infusion was given immediately
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after SA. With both P and E the drop in SBP did not exceed 20% and the changes were

relatively minor.

We have shown that patients from Group E had significantly higher SBP, DBP, CO,
SV, and HR, but lower SVR than in Group P. Similarly, Gunda et al. [18] in their study
showed that HR was also significantly higher using E versus P. However, they used a single
bolus dose of 5 mg E or 100 pg of P, but both were administered only after the occurrence of
hypotension. Furthermore, the same authors did not detect significant differences in SBP
(although slightly higher in P than in E group) [18].

Allen et al. [19] investigated four groups of patients who received different doses of
prophylactic fixed-rate P infusions. In the groups that received25ug/min and 50ug/min P,
SBP was higher than 80% of baseline and in the groups that received 75ug/min and
100pg/min the incidence of hypertension was' increased [19]. Also, our study showed that

patients who received P at a dose of 25ug/min, SBP remained greater than 80% of baseline.

Langeseeter et al. [20].examined the effects of two different intrathecal doses of
bupivacaine, with or without intravenous P infusion on hemodynamic parameters. This study
showed that low_dose of prophylactic P infusion (0.25ug/kg per min) provided the best
hemodynamic stability. [20]. In our study, patients in Group P received 10 mg spinal
bupivacaine and prophylactic P infusion (25 pg/min) 2 minutes prior to SA and were also

quite effective.

Mon et al. [21] in their study examined the effects of E and P infusion on
hemodynamics. In Group P CO was significantly lower than baseline in the 10" and15™ min
after application of SA, in the contrast to E group in which CO values were not significantly
changed [21]. Despite good SBP control and increased CO with E, its administration was
associated with significantly more cases of fetal acidosis [21].Our study showed that after the
initial increase in CO in both groups, there was a reduction in CO in the P group, but values
below the baseline were detected only from 36"min up to the end of the surgery, which might
be important for fetal outcome. It should be recalled that the dose of P in our study was 4
times lower than in the previously described and continued for a longer duration. Unlike in
the previously mentioned study [21], where no significant changes in SV were detected, here
SV was increased in both groups. Numerous studies have shown associations between HR

and CO [14], as was the case here.
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The lowest average HR values in the P group were recorded in the 37" minute of P
infusion, which coincides with the time when CO in the same group drops below baseline
values. A total of 7 patients in P group had HR < 60 and received atropine (five of them in
the period prior to the birth of the baby), which may be associated with the administration of
7 P rescue doses in the period prior to the birth of a baby. Also, other authors have found

higher incidence of bradycardia in patients receiving P than those receiving E [22].

Ngan et al. [23] showed that prophylactic P infusion of 100 pg/min decreased the
incidence of hypotension during SA for cesarean delivery compared with control group, who
received bolus P at 100 pg after each event of SBP < 80% of baseline. Results in our study,
using four times smaller dose of P infusion, show that reactive hypertension was recorded in
29% of the patients.

We did not detect significant differences between E and P groups in nausea and
vomiting, although other studies reported higher incidences in E groups [10, 19]. We are of
the opinion that not only type of vasopressor, but the protocol of administration and dosage

significantly influences the incidence of side effects.

CONCLUSION

In this study, SBP remained in the normal range during infusion in both groups, which
indicated that E and P are both effective. Both vasopressors had similar effects on newborns.
Continuous monitoring of hemodynamic parameters, with a well-defined administration
protocol and dosing regimen are considered important for a favorable outcome, as shown in

this study.

Conflict of interest: None declared.
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Table 1.Patient characteristics

Charactheristic ?r:c;ungl)i ?r:tu: IF)’ ¢]

Age (year) 32 (4) 31 (4) 0.335
Weight (kg) 83 (10) 75 (9) 0.002*
Height (cm) 170 (6) 167 (6) 0.086
Gestational age (weeks) 39 (38-40) | 39 (38-40) | 0.942
Number of previous deliveries 2 (1-3) 2 (1-3) -
ASA physical status | 18 (62%) 18 (58%) 0.752
ASA physical status Il 11 (38%) 13 (42%) '

E — ephedrine; P — phenylephring;

*significant p < 0.05, mean (sd), median (min—-max. range), n(%), Student’s t-test, y?test
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Table 2. Hemodynamic changes between/within the two groups: ephedrine (E) and
phenylephrine (P) vasopressors
Baseline values During vasopressor infusion E P
Parameter GroupE | GroupP | p*f Group E Group P p* 12 12
(n=29) | (n=31) (n = 29) (n=31) P P
SBP (mmHg) 122 (12) 121 (12) | 0.828 122 (21) 114 (15) <0.001* 0.938 0.006*
DBP (mmHg) 74 (9) 73 (11) | 0.685 66 (15) 61 (15) <0.001* | 0.005* | <0.001*
CO (L/min) 8(2.0) 8(2.2) 0.645 11(3.7) 9(3.5) <0.001* |.<0.001* 0.424
SV (mL) 91 (26) 88(22) | 0.668 111 (36) 110 (38) <'0.001*% | 0.002* 0.001*
SVR (dyn s/cm?®) 878 (204) | 852(233) | 0.643 | 671 (291) 777 (366) | <0.001* | <0.001* | 0.253
HR (bpm) 93 (23) 97 (18) | 0.444 97 (21) 83 (16) <0.001* | 0:333 | <0.001*

p'? — baseline values compared with values during vasopressor infusion in the respective group

*significant p < 0.05, mean (sd) Student’s t test;
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Table 3. Intraoperative characteristics, umbilical vein gases and Apgar scores
. Group E Group P
Variables (n=29) (n=31) p
Intraoperative characteristics
Time from SA to the end (min) 49 (8) 51(9) 0.291
Duration of I-D (min) 15 (3) 15 (3) 0.982
Vasopressor infusion duration (min) 23 (6) 50 (15) 0 051**
Sensor block level before skin incision T5 (T4-T6) T5 (T4-T6) -
Modified Bromage score for motor block 3(3-4) 3(3-4) -
Number of patients recieved rescue boluse doses 7 (24%) 7 (23%)
P ° dose0.05-0.15 | 0:887
(%) dose 5-15 mg ..
Number of rescue bolus doses 13 11 -
Number of rescue bolus doses before delivery 10 7 -
Number of rescue bolus doses after delivery 3 4 -
Mean doses of vasopressors (mg) 49.3 (9.3) 1.3 (0.4) -
Total fluid-crystalloid (ml) 1551 (244) 1419 (291) 0.061
Incidence of nausea
0, 0,
Yes 7 (24%) 3 (10%) 0.133
No 22 (76%) 28 (90%)
Incidence of vomiting
0, ()
Yes 1(3%) 0 (0%) 0.297
No 28 (97%) 31 (100%)
Medicaments
Atropine
Yes 1(3%) 7 (23%)
0.029*
No 28 (97%) 24 (77%)
Metoclopramide
() 0,
Yes 7 (24%) 3 (10%) 0.133
No 22 (76%) 28 (90%)
Umbilical vein gases and Apgar scores
7.36(7.14,
pH 7.49) 7.36 (7.29, 7.45) 0.668
27.3 (24.
PO, (mmHg) 730( 54; 4 27.7 (26.1, 28.8) 0.657
3 (32.
PCO, (mmHg) 3721(2) 7 38.2(32.6,42.6) 0.706
BE (mEg/L) -3.8(-4.7,-1.6) -2.6(-4.0,-1.1) 0.122
Apgar 1st min. 8.97 (0.19) 8.90 (0.30) 0.342
Apgar 5th min. 9.93 (0.26) 9.87 (0.34) 0.447

*significant p < 0.05, mean (sd), n (%), Students t-test, y* test, I-D-time from the

induction of spinal anesthesia to delivery of the baby, pH, PO., PCO,, BE median

(min., max. range), Apgar mean (sd)
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Figure 1. Changes in hemodynamic parameters; systolic blood pressure (SBP-1A), average
changes of SBP (ASBP-1B), diastolic blood pressure (DBP-1C), comparing to baseline, and
after spinal anesthesia/after-administration of vasopressors (E and P); TO — start of infusion P;
T1 — spinal anesthesia (Groups E and P) and start of infusion E; T2 — skin incision (Groups E
and P); T3 — delivery (Groups E and P); T4 — 5 min. after delivery; T5 — 10 min. after
delivery, T6 —20 min. after delivery;T7 —end of surgery;

*significant p-values
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Figure 2. Incidence of hypotension/hypertension and mean minimum/maximum systolic

arterial pressure; SBP — systolic blood pressure; bSBP — baseline systolic blood pressure
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Figure 3. Changes in hemodynamic parameters; cardiac output (CO-3A), stroke volume (SV-
3B), systemic vascular resistance (SVR-3C), heart rate (HR-3D), before (baseline) and after
spinal anesthesia/after administration of vasopressors (E and P); TO — start of infusion P; T1 —
spinal anesthesia (Groups E and P) and start of infusion E; T2 — skin incision (Groups E and
P); T3~ delivery (Groups E and P); T4 — 5 min. after delivery; T5 — 10 min. after delivery;
T6 — 20 min. after delivery; T7 —end of operation;

*significant p-values
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