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Abstract

Purpose There is some evidence for the use of intrathecal

morphine as a means to provide prolonged analgesia in

selective cardiac surgical patients; however, the

hemodynamic effects of intrathecal morphine are not well

defined. This study was designed to study the effect of

intrathecal morphine on hemodynamic parameters in

cardiac surgery patients.

Methods In a prospective, double-blind study, 100 adult

cardiac surgical patients were randomized to receive either

intrathecal 40 mg of 0.5% hyperbaric bupivacaine alone

(intrathecal bupivacaine [ITB] group, n = 50) or intrathecal

250 lg of morphine added to 40 mg of 0.5% bupivacaine

(intrathecal bupivacaine and morphine [ITBM] group, n =

50). Hemodynamic data, pain scores, rescue analgesic use,

spirometry, and vasopressor use were recorded every four

hours after surgery for 48 hr. The primary outcome was the

incidence of vasoplegia in each group, which was defined as

a cardiac index[ 2.2 L�min-1�m-2 with the requirement of

vasopressors to maintain the mean arterial pressure[ 60

mmHg with the hemodynamic episode lasting[ four hours.

Results Eighty-seven patients were analyzed (ITB group,

n = 42, and ITBM group, n =45). The incidence of

vasoplegia was higher in the ITBM group than in the ITB

group [14 (31%) vs 5 (12%), respectively; relative risk,

2.6; 95% confidence interval [CI], 1.0 to 6.6; P = 0.04].

The mean (standard deviation [SD]) duration of vasoplegia

was significantly longer in the ITBM group than in the ITB

group [8.9 (3.0) hr vs 4.3 (0.4) hr, respectively; difference

in means, 4.6; 95% CI, 3.7 to 5.5; P\ 0.001].

Conclusion Intrathecal morphine added to bupivacaine

for high spinal anesthesia increases the incidence and

duration of vasoplegia in cardiac surgery patients.

Trial registration www.clinicaltrials.gov

(NCT02825056); registered 19 June 2016.

This study was presented in abstract form on October 21, 2017 at the

annual meeting of the American Society of Anesthesiologists in

Boston.
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Résumé

Objectif Certaines données probantes appuient

l’utilisation de morphine intrathécale pour une analgésie

prolongée chez certains patients de chirurgie cardiaque;

cependant, les effets hémodynamiques de la morphine

intrathécale ne sont pas bien définis. Cette étude a été

conçue pour évaluer l’effet de la morphine intrathécale sur

les paramètres hémodynamiques de patients de chirurgie

cardiaque.

Méthode Dans une étude prospective et à double insu,

100 patients adultes de chirurgie cardiaque ont été

randomisés à recevoir 40 mg de bupivacaı̈ne hyperbare

0,5 % intrathécale (groupe bupivacaı̈ne intrathécale [BIT],

n = 50) ou 250 lg de morphine intrathécale ajoutés à 40

mg de bupivacaı̈ne 0,5 % (groupe bupivacaı̈ne et morphine

intrathécales [BMIT], n = 50). Les données

hémodynamiques, les scores de douleur, l’utilisation

d’analgésiques, la spirométrie et l’utilisation de

vasopresseurs ont été enregistrés toutes les quatre heures

après la chirurgie pendant 48 heures. Le critère

d’évaluation principal était l’incidence de vasoplégie

dans chaque groupe, définie comme un index cardiaque

[ 2,2 L�min-1�m2 nécessitant des vasopresseurs pour

maintenir la tension artérielle moyenne[ 60 mmHg avec

une durée de plus de quatre heures.

Résultats Quatre-vingt-sept patients ont été analysés

(groupe BIT, n = 42, et groupe BMIT, n = 45).

L’incidence de vasoplégie était plus élevée dans le

groupe BMIT que dans le groupe BIT [14 (31%) vs 5 (12

%), respectivement; risque relatif, 2,6; intervalle de

confiance [IC] 95 %, 1,0 à 6,6; P = 0,04]. La durée

moyenne (écart type [ÉT]) de la vasoplégie était

significativement plus longue dans le groupe BMIT que

dans le groupe BIT [8,9 (3,0) h vs 4,3 (0,4) h,

respectivement; différence de moyennes, 4,6; IC 95 %,

3,7 à 5,5; P\ 0,001].

Conclusion L’ajout de morphine intrathécale à la

bupivacaı̈ne pour une anesthésie rachidienne haute

augmente l’incidence et la durée de la vasoplégie chez

les patients de chirurgie cardiaque.

Enregistrement de l’étude www.clinicaltrials.gov;

(NCT02825056); enregistrée le 19 juin 2016.

Keywords high spinal � neuraxial anessthesia �
cardiac surgery � spinal anesthesia

Cardiac surgery and cardiopulmonary bypass (CPB) are

associated with adrenergic stress, resulting in a systemic

inflammatory tissue response that may contribute to the

development of several adverse postoperative outcomes

including myocardial dysfunction, respiratory failure, renal

and neurologic dysfunction, bleeding disorders, altered

liver function, and multiple organ failure.1–3 The traditional

approach is to use general anesthesia (GA) supplemented

by potent opioids, but it does not completely block this

stress response.4,5 Use of high-dose opioid techniques

result in prolonged ventilation, postoperative pulmonary

complications (PPCs) and prolonged intensive care unit

(ICU) stays, and are no longer standard of care for cardiac

surgery.6,7

Central neuraxial blocks combined with GA has been

shown to attenuate the adrenergic stress response more

effectively.8–11 In this era of enhanced recovery after

surgery, regional anesthesia is being increasingly used in

cardiac surgery for pain control and to decrease the stress

response.10–13 Although there is a theoretical risk of spinal

hematoma in patients who will get heparinized during

surgery, the evidence does not support this increased risk

when the block is placed at least one hour before

anticoagulation.10,14,15 Intrathecal morphine could be an

attractive way of providing prolonged analgesia in patients

undergoing cardiac surgery and is associated with less

postoperative opioid use, decreased time to extubation, and

a decrease in PPCs.13 Although neuraxial anesthesia with

intrathecal morphine has been studied in cardiac surgery,

there is a dearth of literature regarding the hemodynamic

effects of intrathecal morphine in combination with local

anesthetics in cardiac surgery patients.9–13,16,17

Vasoplegia after cardiac surgery is characterized by

significant hypotension, high or normal cardiac index, low

systemic vascular resistance, and increased requirements

for fluids and vasopressors during or after CPB. With an

incidence of 5–25%, it is difficult to treat and is associated

with increased morbidity and mortality.18,19 In this study,

we evaluated if intrathecal morphine in combination with

local anesthetics has vasoplegic effects in patients

undergoing cardiac surgery.

In our cardiac centre at the Post Graduate Institute of

Medical Education and Research (PGIMER) in Chandigarh

India and at St. Boniface Hospital Winnipeg, Canada, we

frequenty use high spinal anesthesia, with spinal blockade

up to the T1 level, combined with light GA, for

suitable patients undergoing cardiac surgery. Invasive

pressure monitoring of cardiac surgical patients and the

timely use of bolus or continuous infusion of vasoactive

agents like phenylephrine, norepinephrine, or epinephrine

as per the hemodynamic requirements of underlying

cardiac lesions enable successful use of such a

technique.8–12,16 The primary objective of this study was

to compare the incidence of vasoplegia in two groups of

patients, with one group receiving intrathecal local

anesthetic and the other group receiving intrathecal

morphine added to the local anesthetic. Secondary

objectives included the time to extubation, postoperative
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rescue analgesic requirement, spirometry performance, and

occurrence of any adverse event associated with intrathecal

morphine (e.g., pruritus, nausea/vomiting, respiratory

depression, and neuro-deficit) in the two groups.

Methods

This prospective, randomized, double-blind clinical study

was conducted at PGIMER, Chandigarh, India, after

Institutional Ethical Review Board approval (NK-2676-

DM-397) and written informed consent of all participants.

This trial was registered prior to patient enrolment at

clinicaltrials.gov (NCT02825056).

Patients aged between 18 and 60 yr, undergoing elective

cardiac surgery were included in the study. Exclusion

criteria were local site infection or spinal deformity,

coagulopathy (platelet count \ 80,000/dL, international

normalized ratio[1.5), redo/emergency cardiac surgeries,

obesity (body mass index [ 30 kg�m-2), anticipated total

surgery time [ six hours, chronic obstructive pulmonary

disease, asthma, opioid drug abuse or opioid tolerance, and

known or anticipated difficult airway. Patients with a failed

spinal block (hemodynamic response to skin incision and

sternotomy) and poor transthoracic echocardiography

(TTE) window in the postoperative period were excluded

from the analysis.

All patients received their usual cardiovascular

medications except angiotensin-converting enzyme (ACE)

inhibitors, digoxin, and diuretics on the morning of

surgery. In the operating room, after securing peripheral

intravenous and radial artery line, participants received

either 40 mg of 0.5% hyperbaric bupivacaine with 0.25 mL

normal saline [intrathecal bupivacaine (ITB) group] or 40

mg of 0.5% hyperbaric bupivacaine with 250 lg of

morphine in 0.25 mL of normal saline [intrathecal

bupivacaine and morphine (ITBM) group] intrathecally

using a 26G Quincke needle at L3–L4 level in lateral or

sitting position and then turned back to supine position

with 10� Trendelenburg tilt to achieve high thoracic block.

Subsequently, GA was induced, and the central line was

placed through the right internal jugular vein.

Phenylephrine and norepinephrine were used in stenotic

lesions and coronary artery disease with normal left

ventricular (LV) function. Epinephrine was used in

patients with regurgitant lesions, dilated LV, or low LV

function. Low dose milrinone (0.2–0.25 lg�kg-1�min-1) was

added in patients with low LV function. The overall

selection of drugs to manage hemodynamics was left to the

discretion of attending anesthesiologists in the operating

room and treating physicians in the ICU, both of whom

were blinded to the drugs used in the spinal.

General anesthesia was induced in all patients with

ketamine 20–30 mg plus lidocaine 2 mg�kg-1 and propofol

titrated until the eyelash reflex was lost. Vecuronium

bromide 0.1 mg�kg-1 was used as a muscle relaxant to

facilitate tracheal intubation. Subsequent anesthesia was

maintained in all patients with isoflurane to maintain

bispectral index values at 40–60. Patients were

mechanically ventilated with 50% oxygen-air mixture,

and minute ventilation was adjusted to maintain

normocapnia.

Pre-CPB transesophageal echocardiography

measurement of left ventricle outflow tract (LVOT)

diameter in mid-esophageal long-axis view was recorded.

The average of three readings was used to calculate the

LVOT area and the cardiac index throughout the study. A

normothermic bypass was used in all patients, and

hematocrit was maintained C 24% on bypass and C 30%

post-surgery.

In the ICU, iv paracetamol 1 g every six hours was given

to all patients for 48 hr postoperatively. Fentanyl (10–20 lg

iv) and morphine (2–3 mg iv) were used as rescue

analgesia. The transthoracic echocardiography apical five-

chamber view was used to calculate the LVOT velocity

time integral (VTI) in the ICU. The following parameters

were recorded every four hours until 48 hr after completion

of CPB: heart rate (HR), mean arterial pressure (MAP),

cardiac index, dose of vasoactive drugs, ten-point visual

analogue scale (VAS) score for pain,20 and the dose of

rescue analgesics administered. Since all patients were

monitored continuously by electrocardiogram and invasive

arterial pressure during the study period, we recorded the

stabilized values of HR and MAP around proposed

recording time points in resting patients. Vasoplegia was

defined as a cardiac index [ 2.2 L�min-1�m-2 with the

requirement of vasopressors to maintain the MAP [ 60

mmHg, with the hemodynamic episode lasting for more

than four hours.21 The time to extubation, postoperative

spirometry at one-hour post-extubation and 24 and 48 hr

post-CPB, and the occurrence of complications (pruritus,

nausea/vomiting, respiratory depression, and neuro-deficit)

were also noted. Further, vasoactive inotropic score (VIS)

was calculated at specific time intervals using the following

formula: VIS = dopamine dose (lg�kg-1�min-1) ?

dobutamine dose (lg�kg-1�min-1) ? 100 9 epinephrine

dose (lg�kg-1�min-1) ? 10 9 milrinone (lg�kg-1�min-1) ?

10,000 9 vasopressin dose (U�kg-1�min-1) ? 100 9

norepinephrine dose (lg�kg-1�min-1).22

Statistical analysis

The sample size was calculated based on a pilot feasibility

study with ten patients in each group. After analyzing the

data of this pilot feasibility study, we found vasoplegia
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incidence to be 10% in the ITB group and 40% in the

ITBM group. Assuming an alpha error of 5%, the beta error

of 15% and the power of the study to be 85%, the total

sample size for the study was 72 patients, with 36 patients

to be included in each group. After the sample size

calculation, it was decided to include 100 patients within

the time frame of the project.

Randomization was done using a sealed envelope

method, and the randomization sequence was generated

using www.randomizer.org. On the day of surgery, one of

the envelopes was picked up by an anesthesiologist not

involved in the study, who prepared the drug aseptically

and handed over the syringe to the anesthesiologist who

administered the intrathecal block. After entering patient

information, the envelope was sealed by an anesthesiolo-

gist not involved in the study and handed over to the chief

theatre technician who maintained them until the end of

patient enrolment. The data were analyzed group-wise

before the assignment was known to the investigator.

Continuous variables were expressed as mean (standard

deviation [SD]) or median [interquartile range], and

dichotomous data were expressed as numbers and

percentages. The normality of distribution of the

continuous data were tested with the Kolmogorov–

Smirnov one-sample test. We employed Student’s t test

for normally distributed continuous data. Data that did not

have a normal distribution, as well as ordinal data, were

analyzed with the Mann–Whitney U test with Bonferroni

correction. For categorical data, Pearson’s Chi square test

was used. When the expected count was less than five,

Fisher’s exact test was used. The hemodynamic data

recorded at various time intervals were analyzed using

repeated measure analysis of variance. A P value of\0.05

was considered significant for all statistical tests. Statistical

analysis was performed using SPSS (IBM Statistical

Package for the Social Sciences 21, Chicago, IL, USA)

for Windows.

Results

One hundred eligible consenting patients were randomized

in the study, with 50 patients in each group, from July 2016

to February 2017. Both groups were comparable in patient

demographics, comorbidities, investigations, preoperative

medication, type of surgery, and CPB parameters

(Table 1). The final analysis was done in 42 patients in

the ITB group and 45 patients in the ITBM group (as

shown in the CONSORT diagram in Fig. 1). None of these

87 patients analyzed showed any hemodynamic response to

skin incision and sternotomy, confirming the efficacy of

block in all the patients.

The primary outcome of the study, the incidence of

vasoplegia, was higher in the ITBM group than in the ITB

group (14 [31%] vs 5 [12%], respectively; relative risk, 2.6;

95% CI, 1.0 to 6.6; P = 0.04). The mean (SD) duration of

vasoplegia was significantly longer in the ITBM group than

in the ITB group [8.9 (3.0) hr vs 4.3 (0.4) hr, respectively;

differences of mean, 4.6; 95% CI, 3.7 to 5.5; P\ 0.001]

(Table 2). Mean (SD) time to extubation was not

significantly different between the two groups [4.1 (2.9)

in ITBM vs 4.9 (2.4) in ITB; differences of mean, –0.8;

95% CI, -1.9 to 0.4; P = 0.19]. The peak inspiratory flow

achieved on incentive spirometry at one-hour post-

extubation and at 24 and 48 hr after surgery were better

in the ITBM group, and the requirement of rescue

analgesics was also lower in the ITBM group (Table 2).

The VAS score was higher in the ITB group than in the

ITBM group throughout the 48-hr study period (Table 3).

The total doses of vasopressors and inotropes represented

by the total VIS score were not significantly different

between the two groups (Table 4). There was no difference

in the incidence of nausea/vomiting and pruritus between

the groups, and none of the patients in the study had

respiratory depression or postoperative neurologic deficit.

The HR, MAP, and cardiac index were comparable

between the groups at all time intervals throughout the

48-hr study period (Fig. 2). At eight hours post-ICU

admission, the mean (SD) MAP was lowest in the ITBM

group, but was not statistically different to the mean MAP

values in the ITB group; [73.8 (15.5) vs 78.9 (11.6),

respectively; differences of mean, -5.0; 95% CI, -11.0 to

0.8; P = 0.09].

Discussion

This single-centre study showed a significantly higher

incidence and prolonged duration of vasoplegia in patients

receiving intrathecal morphine with bupivacaine for high

spinal block compared with the control group. It has been

observed that morphine and other opioids have local

anesthetic like action in internally perfused squid giant

axons and in mammalian peripheral and central nerve

fibres.23–25 Epidural morphine inhibits both cardiac and

renal sympathetic nerve activity and simultaneously

reduces blood pressure and HR in anesthetized cats, and

these effects can be reversed by naloxone.26 Clinical

studies also support the sympatholytic action of intrathecal

opioids. In a study comparing intrathecal opioids and

epidural bupivacaine, similar vasodilation was observed in

both the groups, when observed using calf-toe temperature

gradient and pulse wave plethysmography.27 The

sympatholytic activity has been suggested to occur

following epidural morphine administration also. In
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patients undergoing abdominal aortic surgeries, plasma

norepinephrine levels were lower in the group receiving

epidural morphine than in a group receiving epidural saline

and parenteral analgesia.28 One explanation for this may be

better pain relief by the central neuraxial morphine. Even

in cardiac surgery patients, there was a trend towards lower

plasma norepinephrine and epinephrine levels after a large

dose of morphine was injected into the intrathecal space.17

Vasoplegia after cardiac surgery is multifactorial.

Various risk factors for vasoplegia are patients with renal

failure, previous cardiac surgery, combined coronary artery

bypass, and valve surgery, higher use of red blood cells,

longer aortic cross clamp, and CPB duration.29 Some

studies have shown a higher incidence of vasoplegia with

preoperative use of ACE inhibitors, beta-blockers, high

comorbidities, low LV function, and duration of CPB.18,30

These factors were equally distributed in our study in both

the groups and were unlikely to add bias to our findings.

The definition of vasoplegia described by Colson et al.21

did not mention the duration or the use of vasopressors.

Nevertheless, we included these criteria in our definition of

vasoplegia for the following reasons: 1) use of vasopressors

to treat vasodilation-related hypotension is the sine-qua-

non of good hemodynamic management, 2) the effect of

local anesthetic bupivacaine towards vasoplegia needed to

be ruled out, and 3) transient episodes of vasodilation due

to other reasons may occur after cardiac surgery that can be

treated with boluses of vasopressors. Despite higher

Table 1 Patient characteristics

Parameter ITB (n = 42) ITBM (n = 45)

Age, year [mean (SD)] 42 (13.4) 46 (11.4)

BSA, m2 [mean (SD)] 1.59 (0.03) 1.65 (0.02)

Sex, female n (%) 16 (38) 13 (28)

Hemoglobin g�dL-1 [mean (SD)] 12.4 (1.9) 12.76 (1.2)

LVEF % [mean (SD)] 55.5 (6.6) 51.8 (11.4)

Hypertension n (%) 8 (19) 9 (20)

Diabetes mellitus n (%) 7 (16) 8 (17)

Creatinine mg/dl [mean (SD)] 0.9 (0.4) 0.9 (0.3)

NYHA grade n (%)

NYHA-II 3 (7) 4 (8)

NYHA-III 39 (92) 41 (91)

Preoperative medications n (%)

Beta-blocker 32 (76) 36 (80)

ACE inhibitor 9 (21) 12 (26)

CCB 6 (14) 5 (11)

OHA 5 (11) 7 (15)

Digoxin 9 (21) 11 (24)

Diuretics 25 (59) 28 (62)

Statins 17 (40) 18 (40)

Amiodarone 1 (2) 7 (15)

Surgery n (%)

MVR 12 (28) 15 (33)

AVR 5 (11) 5 (11)

DVR 7 (16) 6 (13)

Valve surgery ? CABG 1 (2) 2 (4)

CABG 17 (40) 17 (37)

CPB duration, min [mean (SD)] 133 (51.3) 139.7 (44.8)

ACX duration, min [mean (SD)] 93.7 (35.7) 96.3 (27.6)

Date are represented as mean (SD) or percentage (%) as indicated. ACE = angiotensin converting enzyme, ACX = aortic cross clamp; AVR =

aortic valve replacement; BSA = body surface area; CABG = coronary artery bypass grafting; CCB = calcium channel blocker; ITB = intrathecal

bupivacaine; CPB = cardiopulmonary bypass; DVR = double valve replacement; LVEF = left ventricular ejection fraction, MVR = mitral valve

replacement, NYHA = New York Heart Association, OHA = oral hypoglycemic agent, SD = standard deviation; TBM = intrathecal bupivacaine

morphine
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incidence and longer duration of vasoplegia in patients who

received intrathecal morphine, the amount of vasopressors

in terms of the VIS score needed to treat vasoplegia was

similar in the two groups. The reasons for this could be: 1)

different weightage to different vasopressors when

calculating the VIS score, and 2) that the choice of

vasopressor and the time to titrate down the vasopressor

were at the discretion of the treating physician. Another

potential reason could be that the only lower limit of the

Fig. 1 CONSORT diagram of

the patient flow through the

study. The primary outcome

(vasoplegia) was not analyzed

for patients with poor

postoperative transthoracic

echocardiography window,

failed spinal block, and surgical

time more than six hours

Table 2 Primary and secondary outcome variable of two study groups

Variable ITB group (n =

42)

ITBM group (n =

45)

RR/differences of

mean

95% CI P value

Vasoplegia n (%) 5 (12) 14 (31) 2.6 1 to 6.6 0.04}

Duration of vasoplegia, h [mean (SD)] 4.3 (0.4) 8.9 (3) 4.6 3.7 to 5.5 \ 0.001§

Morphine use in 48 h, mg [mean (SD)] 25 (8.2) 3.7 (4.6) - 21.3 - 24 to - 18.5 \ 0.001§

Fentanyl use in 48 h, lg [mean (SD)] 47 (25) 28 (16) - 19 - 28 to - 10 \ 0.001§

Time to extubation h [mean (SD)] 4.9 (2.4) 4.1 (2.9) - 0.8 - 1.9 to 0.4 0.19§

Peak inspiratory flow, mL�s-1 at 1 h [mean (SD)] 436 (153) 524 (152) 89 24 to 154 0.009§

Peak inspiratory flow, mL�s-1 at 24 h [mean

(SD)]

407 (126) 573 (114) 166 115 to 217 \ 0.001§

Peak inspiratory flow, mL�s-1

at 48 h [mean (SD)]

352 (127) 493 (109) 141 91 to 191 \ 0.001§

Incidence of nausea/vomiting, n (%) 2 (4) 5 (10) 2.3 0.5 to 11.4 0.44*

Incidence of pruritus, n (%) 0 2 (4) NA NA 0.49*

Data are presented as mean (standard deviation) or count (percentage) as indicated. CI = confidence interval; ITB = intrathecal bupivacaine,

ITBM = intrathecal bupivacaine morphine; RR = relative risk; SD = standard deviation
} Chi square test
§ Student’s t test

*Fisher’s exact test
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MAP at 60 mmHg was set without any higher limit for

treatment.

Not surprisingly, we found that intrathecal morphine

decreased the postoperative pain scores as well as the use

of iv opioids. Intrathecal morphine provides better

postoperative analgesia.31 Whether this improvement in

pain scores results in improved outcomes after cardiac

surgery is not known.8,10,12,13,32

Another major concern with the use of intrathecal

morphine is respiratory depression. In our study, intrathecal

morphine did not increase the time to extubation, which

was comparable in both groups, and no patient required

reintubation. This may be because of the low dose of

morphine (\0.5 mg) used. These findings are in agreement

with two earlier meta-analyses of cardiac surgery patients

receiving intrathecal morphine.10,31

The results of a study by Ellenberger et al.13 suggested

that improving postoperative analgesia with a small dose of

spinal morphine while minimizing systemic opioid

administration may reduce the incidence of PPCs in

patients undergoing elective cardiac surgery. We did not

measure the incidence of PPCs and thus cannot comment

on this. We only recorded postoperative spirometry

performance, which was better in the ITBM group at all

time points, similar to a previous study which reported

excellent analgesia with intrathecal morphine resulting in

improved postoperative pulmonary function tests.33

Table 3 Comparison of visual analogue scale between the study groups

Time ITB (n = 42) ITBM (n = 45) Adjusted P value after Bonferroni correction

VAS score, 4 h 2 [1–3] 0 \ 0.001

VAS score, 8 h 5 [5–6] 0 \ 0.001

VAS score, 12 h 5 [5–6] 0 \ 0.001

VAS score, 16 h 5 [4–5] 0 \ 0.001

VAS score, 20 h 4 [4–5] 0 \ 0.001

VAS score, 24 h 4 [3–5] 0 \ 0.001

VAS score, 28 h 4 [4–5] 0 \ 0.001

VAS score, 32 h 4 [3–4] 0 \ 0.001

VAS score, 36 h 3 [3–4] 0 [0–4] 0.002

VAS score, 40 h 3 [3–4] 0 [0–3] 0.002

VAS score, 44 h 3 [3–4] 0 [0–4] 0.003

VAS score, 48 h 3 [2–4] 2 [0–3] 0.04

Data are presented as median [interquartile range]. ITB = intrathecal bupivacaine; ITBM = intrathecal bupivacaine morphine; VAS = visual

analogue scale. Mann–Whitney U test with Bonferroni correction used

Table 4 Comparison of vasoactive inotropic score between the study groups

Parameter ITB (n = 42) ITBM (n = 45) P value

VIS after 4 h 10 [3–15] 6 [3–11] 0.2

VIS after 8 h 10 [4–15] 6 [4–12] 0.29

VIS after 12 h 10 [3–15] 7 [5–12] 0.70

VIS after 16 h 8 [2–13] 5 [3–10] 0.64

VIS after 20 h 5 [0.4–11] 4 [2–10] 0.92

VIS after 24 h 4 [0–8] 3 [1–8] 0.79

VIS after 28 h 2 [0–7] 2 [0–7] 0.98

VIS after 32 h 1 [0–6] 1 [0–5] 0.86

VIS after 36 h 0.3 [0–4] 0 [0–5] 0.95

VIS after 40 h 0 [0–2] 0 [0–2] 0.89

VIS after 44 h 0 [0–1] 0 [0–1] 0.73

VIS after 48 h 0 0 0.96

Data are presented as median [interquartile range]. ITB = intrathecal bupivacaine; ITBM = intrathecal bupivacaine morphine; VIS = vasoactive

inotropic score. Mann–Whitney U test used
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The primary concern with high spinal for cardiac

surgery is its safety because these patients are fully

heparinized, and there is a potential risk of spinal

hematoma. To date, there is a single case of spinal

hematoma following the full heparinization associated with

CPB in a patient who received an epidural.34 The most

recent guidelines from the American Society of Regional

Anesthesia and Pain Medicine recommend certain

precautions to minimize the risk but do not make CPB a

contraindication to the use of neuraxial techniques.15 None

of the patients in our study had neurologic sequel post-

spinal anesthesia; however, our study was not powered to

investigate the safety of spinals and we cannot recommend

routine use of these in cardiac surgical patients.

The findings of our study are of relevance to fast-

tracking and management of cardiac surgical patients

receiving intrathecal morphine in postoperative cardiac

ICU where they get fast-track extubation (within six hours)

or extubation even in the operating room. The increased

incidence and duration of vasoplegia in uncomplicated

patients who received intrathecal morphine will require an

important paradigm shift in their postoperative ICU

management similar to that in the management of post

central neuraxial block hypotension for which vasopressors

are considered the first line of management in addition to

titrated fluid supplementation and not only fluid

boluses.35,36 The results of this study show that, despite

increased incidence and duration of vasoplegia, suitably

chosen cardiac surgical patients will benefit from

intrathecal morphine.

Our study also has some important limitations. First, it is

a single-centre experience, and the results cannot

necessarily be generalized. Second, the treatment of

vasoplegia was left to the clinical judgement of the

treating physician without a higher MAP target. Thus, it

is possible that unmeasured confounding factors, such as

choice of vasopressor use, could have differed between the

groups and therefore affected the results. Third, our study

can also be criticized for excluding chronic obstructive

pulmonary disease and obese patients; however, this was

because we used TTE for LVOT VTI measurement during

the immediate postoperative period. These patients would

have been excluded in high numbers because of their poor

TTE acoustic window. Fourth, we did not take the length of

ICU and hospital stay and cost-effectiveness of intrathecal

morphine into account. A more comprehensive, multi-

institutional study involving a larger group of patients may

be useful to establish the cost-benefit ratio of intrathecal

morphine.

In conclusion, this prospective randomized study

showed that intrathecal morphine added to bupivacaine

for high spinal block increased the incidence and duration

of vasoplegia in cardiac surgery patients without affecting

the quantity of cumulative vasopressor use and the duration

of ventilation.
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