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Abstract

Background: Minimally invasive thoracic surgery causes significant postoperative pain. Erector spinae plane (ESP) block

and serratus anterior plane (SAP) block promise effective thoracic analgesia compared with systemically administered

opioids, but have never been compared in terms of terms of quality of recovery and overall morbidity after minimally

invasive thoracic surgery.

Methods: Sixty adult patients undergoing minimally invasive thoracic surgery were randomly assigned to receive either

single-shot ESP or SAP block before surgery using levobupivacaine 0.25%, 30 ml. The primary outcome was quality of

patient recovery at 24 h, using the Quality of Recovery-15 (QoR-15) scale. Secondary outcomes included area under the

curve (AUC) of pain verbal rating scale (VRS) over time, time to first opioid analgesia, postoperative 24 h opioid con-

sumption, in-hospital comprehensive complication index (CCI) score and hospital stay.

Results: The QoR-15 score was higher among ESP patients compared with those in the SAP group, mean (standard de-

viation): 114 (16) vs 102 (22) (P¼0.02). Time (min) to first i.v. opioid analgesia in recovery was 32.6 (20.6) in ESP vs 12.7 (9.5)

in SAP (P¼0.003). AUC at rest was 92 (31) mm h�1 vs 112 (35) in ESP and SAP (P¼0.03), respectively, whereas AUC on deep

inspiration was 107 mm h�1 (32) vs 129 (32) in ESP and SAP (P¼0.01), respectively. VRS pain on movement in ESP and SAP

at 24 h was, median (25e75% range): 4 (2e4) vs 5 (3e6) (P¼0.04), respectively. Opioid consumption at 24 h postoperatively

was 29 (31) vs 39 (34) (P¼0.37). Median (25e75%) CCI in ESP and SAP was 1 (0e2) vs 4 (0e26) (P¼0.03), whereas hospital stay

was 3 (2e6) vs 6 (3e9) days (P¼0.17), respectively.

Conclusion: Compared with SAP, ESP provides superior quality of recovery at 24 h, lower morbidity, and better analgesia

after minimally invasive thoracic surgery.

Clinical trial registration: NCT 03862612.
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Editor’s key points

� Pain is common after thoracic surgery, limiting func-

tional recovery and increasing risk of postoperative

complications.

� Regional interfascial ‘plane’ blocks have become

popular.

� This study found that an erector spinae plane block

provided better quality of recovery, analgesic effec-

tiveness, and less postoperative complications when

compared with a serratus anterior plane block.

Comparison of ESP block and SAP block - 803
Minimally invasive thoracic surgery (MITS) has become more

common over the past decade, with the proportion of lung

resections performed using this technique increasing from

16% in 2005 to 47% in 2015.1 MITS includes both video-assisted

and robotic-assisted techniques, with smaller skin incisions

and chest wall trauma compared with open thoracotomy.

Benefits include reduced postoperative pain, morbidity, and

shorter hospital stay.2,3

Nevertheless, MITS still causes moderate to severe post-

operative pain4 and a high risk of chronic postsurgical pain

(CPSP). Many patients undergoing this procedure have border-

line respiratory functional reserveandmultiplepreoperativeco-

morbidities. Poorly controlled early postoperative pain impairs

quality of recovery, increases risk of postoperative pulmonary

complications,3 and is a risk factor for the subsequent develop-

ment of CPSP.5 Therefore, optimising acute postoperative anal-

gesia is a priority in patients undergoing MITS.

Numerous analgesic options for video-assisted thoracic

surgery (VATS) currently exist. A 2014 systematic review

concluded that existing studies were too heterogenous to

recommend a gold standard for analgesia in VATS.6 Choice of

analgesic regime is often influenced by the personal prefer-

ence of the anaesthesiologist rather than any strong evidence

base. Thoracic epidural analgesia (TEA) and paravertebral

analgesia have a long history of use in thoracic surgery and

despite declining popularity in some parts of the world,7 they

are still frequently used. Proponents of these techniques

champion their ability to provide efficacious analgesia and

anaesthesia whereas critics cite a reportedly high failure rate

and complications ranging from pneumothorax to devastating

spinal cord injury.8

Recently, ultrasound-guided interfascial plane blocks such

as the serratus anterior plane (SAP) block and the erector

spinae plane (ESP) block have been described in MITS.9,10 Both

blocks aim to deposit local anaesthesia away from the spinal

cord in an interfascial plane through which peripheral nerves

pass. Although the evidence base is minimal, both ESP and

SAP blocks seem to be clinically safe and are considered

technically easier to perform than TEA, and therefore are

potentially attractive alternative regional anaesthesia tech-

niques in thoracic surgery such as MITS.

ESP block may provide superior analgesia because it blocks

both dorsal and ventral rami of the thoracic spinal nerves and

elicits some degree of sympathetic blockade,11 whereas SAP

targets superficial nerves limited to the anterior and lateral

chest wall. Therefore, we tested the hypothesis that ESP

compared with SAP block provides superior quality of recov-

ery, overall morbidity, and postoperative analgesia after MITS

in an RCT.
Methods

The Mater Misericordiae University Hospital’s Institutional

Review Board approved this study (reference number 1/378/

2039, February 22, 2019). The trial was preregistered on

clinicaltrials.gov, reference number NCT 03862612 on

February 28, 2019. All patients screened and meeting eligi-

bility criteria were invited to participate in the trial, and

those enrolled gave written informed consent. Consent was

requested from patients on arrival to the operating suite for

surgery or on the ward if they were admitted the night

before surgery.

Inclusion criteria were ASA 1 to 3 patients, age range 18e80

yr, undergoing unilateral MITS under general anaesthesia be-

tween March 2019 and January 2020, and not having any

contraindication to peripheral regional anaesthesia blocks.

Exclusion criteria were pre-existing infection at block site,

contraindication to regional anaesthesia, history of opiate

abuse, and pre-existing chronic pain or cognitive dysfunction

which would impede accurate engagement with postoperative

quality of recovery and analgesia assessment.

The individual indications for surgery were wedge resec-

tion, pleurodesis, pleurectomy, lobectomy, decortication,

bullectomy, or pleural biopsy.

Patients were assigned to one of the trial groups using a

computer-generated random number table. Numbers ending

in an even number integer were designated ESP patients,

and those ending in odd numbers as SAP patients. The pa-

tient study code number and group allocation were typed on

separate pages, folded, and concealed in sequentially

numbered sealed envelopes. Block randomisation in groups

of six individuals was applied to ensure an even number in

each group as the study progressed. The groups were named

‘ESP’ (erector spinae plane) and ‘SAP’ (serratus anterior

plane). A randomisation key was held by an independent

third party.

After a period of pre-oxygenation all patients had general

anaesthesia induced with i.v. fentanyl 1e2 mg kg�1 followed

by propofol titrated to loss of verbal response. Choice of

neuromuscular antagonist for intubation was at the discre-

tion of the supervising anaesthetist. All patients in the study

were intubated with a Mallinckrodt double lumen tube to

achieve lung isolation and fibreoptic bronchoscopy used to

confirm correct positioning. Unless contraindicated, all pa-

tients received paracetamol 1 g, i.v. and dexketoprofen 50

mg. The haemodynamic goal was to maintain systolic BP

within 20% of the baseline. Persistent intraoperative eleva-

tions above this point would trigger oxycodone administra-

tion intravenously. The frequency and dosage of this was at

the discretion of the treating anaesthesiologist. Anaesthesia

was maintained with a sevoflurane/oxygen/air mix. Routine

monitoring was used in accordance with the Association of

Anaesthetists Guidelines.12 The antiemetics ondansetron

0.1e0.15 mg kg�1 and dexamethasone 0.1e0.2 mg kg�1 were

given prophylactically depending on patients’ risk for post-

operative nausea and vomiting using the Apfel score. Me-

chanical ventilation settings, need for invasive

haemodynamic monitoring, and central venous access were

at the discretion of the treating anaesthesiologist. An elec-

tronic anaesthesiology recording system (Centricity™

Version 4.5, GE Healthcare, Dublin, Republic of Ireland) was

used to document vital signs.

All blocks were performed or supervised by consultant

anaesthesiologists with experience in regional anaesthesia
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and who were familiar with the ESP and SAP block. Surgery

was performed by two surgical teams. Envelopes were opened

after induction of general anaesthesia to reveal the group

allocation. Ultrasound-guided blocks were performed under

full aseptic conditions according to the randomisation before

commencement of surgery. All patients received levobupiva-

caine 0.25% in 30 ml volume, whichever block they received.

All blocks were performed with a 22-gauge echogenic needle

(Ultraplex 360 cannula; B. Braun, Hessen, Germany; 50e80

mm), using the same ultrasound machine (SonoSite Edge;

SonoSite, Inc., Bothell, WA, USA) and linear ultrasound

transducer (SonoSite HFL 50x; SonoSite, Inc.), which was

placed in a sterile cover.

Patients randomised to the SAP group received a SAP block

as follows: with the patient in the supine position and the arm

abducted to 90� the skin was prepared with chlorhexidine

gluconate 2%/isopropyl alcohol 70% (ChloraPrep; Becton

Dickinson, Franklin Lakes, NJ, USA). The blocks were per-

formed as originally described by Blanco and colleagues.13

Although this original description did not specifically

mention arm abduction, in our own practice we have found

this position leads to improved ergonomics. The probe was

first placed in a sagittal position, the mid-axillary region of the

thoracic cage. The fifth rib was identified in the mid-axillary

line by counting ribs in an inferior and lateral direction. The

latissimus dorsi (superficial and posterior), teres major (su-

perior), and serratus muscles (deep and inferior) were identi-

fied overlying the fifth rib. The needle was advanced with an

in-plane technique and levobupivacaine 0.25%, 30 ml was

injected under continuous ultrasound guidance deep to the

serratus anterior muscle.

Patients randomised to the ESP group received an ESP block

as follows: patients were positioned in the lateral position and

the skin prepared as for SAP, the linear transducer (SonoSite

HFL 50x; SonoSite, Inc.) was placed in a sterile cover. The T5

spinous process was identified and the transducer placed

approximately to 2e3 cm lateral to the midline in a longitu-

dinal orientation to identify the hyperechoic line of the

transverse process with its associated acoustic shadow. After

identification of trapezius, rhomboid major, and erector spi-

nae muscle groups superficial to the transverse process, a 22-

gauge echogenic needle Ultraplex 360 cannula; B. Braun,

Hessen, Germany; 50e80 mm) was advanced in a cranio-

caudal direction. The needle tip was advanced until it was

located in the interfascial plane deep to the erector spinae

muscle group and superior to the transverse process. Once in

position, levobupivicaine 0.25%, 30 ml was injected under ul-

trasound guidance. Correct needle-tip position was confirmed

by the presence of linear spread between the transverse pro-

cess and the erector spinae muscle group.

Blocks were performed under general anaesthesia consis-

tent with routine practice; therefore, patients were masked to

their group allocation, and hence no dermatomal sensory

testing of immediate block efficacy was done. Investigators

involved in data collection were also masked to the patients’

group allocation and did not have access to the randomisation

until after data analysis was complete. Therefore, this study

had a double-blind design.

After block performance, patients were transferred from

the induction room to the operating theatre. After surgery,

patients were transferred to the PACU and then to ward level,

once PACU discharge criteria were met. Patients were pre-

scribed oxycodone 1e2 mg i.v. as required for postoperative

pain in PACU until the verbal rating scale (VRS) pain score was
�2 in accordance with hospital policy. On discharge to the

ward, all patients were prescribed paracetamol 1 g i.v. 6

hourly, ibuprofen 400 mg orally 8 hourly, and oxycodone im-

mediate release 5e10 mg 2 hourly as required for rescue

analgesia unless contraindicated. Ondansetron 4 mg p.o./i.v. 8

hourly as required was prescribed for treatment of nausea or

vomiting in the PACU or on discharge to the ward.

The primary outcome was quality of recovery, assessed

using the Quality of Recovery-15 (QoR-15) scale at 24 h post-

operatively. This is a validated measure of a patient’s quality

of recovery after surgery.14 The score assesses five domains of

patient-reported health status e pain, physical comfort,

physical independence, psychological state, and emotional

state e to give a holistic assessment of the patient’s overall

recovery experience. The QoR-15 questionnaire was given to

patients on the ward, and they were then left alone to com-

plete it in their own time. The questionnaire invites responses

to 15 subjective parameters from patients, each response

graded on a scale from 0 to 10. Themaximum score achievable

is 150 with a potential minimum score of 0. Higher scores

indicate a higher quality of recovery experience. Previous

studies have shown that the mean (standard deviation, SD)

time to complete the QoR-15 is 2.4 (0.8) min.14

Secondary outcomes included area under the curve (AUC)

of verbal response score (VRS) for pain at rest and on deep

inspiration vs time over 24 h; the time to first i.v. opioid

analgesia in recovery and 24 h opioid consumption. A Likert

scale of 0e10 was used in assessing pain, in which 0 equals no

pain and 10 equals the worst pain the patient had ever expe-

rienced. The VRS is considered a universally adopted pain

assessment tool that is both patient and assessor friendly that

provides valid and reproducible results.15 Secondary outcomes

also included length of stay (LOS) and postoperative compli-

cations graded using the comprehensive complication index

calculator (CCIR).16 Postoperative complications were identi-

fied by visiting patients every day or alternate day during their

in-hospital course, supplemented by patients’ medical records

review by assessors masked to group allocation, using our

hospital’s electronic patient record database. Patient progres-

sion wasmonitored for the entirety of their hospital stay or for

30 days after surgery (whichever was longer). When patients

were discharged from hospital before 30 days their progress

was tracked remotely using our electronic patient record sys-

tem to monitor for readmission and progression at outpatient

clinic appointments. We used the ClavieneDindo Classifica-

tion system from which CCI is derived. We defined a post-

operative complication as any deviation from the ideal

postoperative course, not inherent in the procedure itself and

does not constitute a failure to cure.17 CCI scores were calcu-

lated using the online CCIR-Calculator at https://www.

assessurgery.com/about_cci-calculator/.

Haemodynamic data were automatically recorded as part

of our electronic anaesthesiology record (Centricity™ Version

4.5). Highest and lowest BP values and HRs were also docu-

mented. Incidence of adverse events such as pruritus, nausea

and vomiting, and block complications were recorded.
Statistical analysis

Data were analysed with GraphPad Prism version 8 (GraphPad,

Salt Lake City, UT, USA). The primary outcome was the QoR-15

score at 24 h postoperatively. The established minimum clin-

ically important difference in QoR-15 is 8.0, and the SD of QoR-

15 scores after major surgery is in the order of 16 (range of QoR

https://www.assessurgery.com/about_cci-calculator/
https://www.assessurgery.com/about_cci-calculator/


Assessed for eligibility (n = 71)

Randomised (n = 60) 

Not meeting inclusion criteria (n=10)

Declined to participate (n=1) 

ESP Group (n=30) SAP Group (n=30)

Lost to follow up (n=0)
Discontinued Intervention (n=0) 

Lost to follow up (n=0)
Discontinued Intervention (n=0) 

Analysed (n=30)
Excluded from analysis (n=0)

Analysed (n=30)
Excluded from analysis (n=0) 

Fig 1. CONSORT flowchart. CONSORT, Consolidated Standards of Reporting Trials; ESP, erector spinae plane; SAP, serratus anterior plane;

VRS, verbal rating scale.
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score is 1e150).18 Therefore, assuming Type I error¼0.05 and

Type II error¼0.2 (80% power to detect this difference), then 30

patients were required in each group.

Data were recorded in Excel™ (Microsoft Corp., Redmond,

WA, USA) and imported into Prism v8 for analysis. All data

were stored according to EU Directive 2019 on General Data

Protection Regulations. Data were inspected and tested for

distribution according to the KolmogoroveSmirnov test. Nor-

mally distributed data were compared between study arms

using the unpaired t test, whereas non-normally distributed

data were compared using the ManneWhitney U test. All data

were summarised as mean (SD) or median (25e75% range) as

appropriate. Fisher’s exact test was used for comparing cate-

gorical data.
Results

The Consolidated Standards of Reporting Trials (CONSORT)

flow diagram for this trial is shown in Fig 1. Seventy-one pa-

tients were initially screened for suitability, with 60 meeting

the inclusion criteria and were randomly assigned to receive

either ESP block or SAP block. All patients enrolled were fol-

lowed successfully, with no patients lost to follow-up.

Baseline patient data were comparable between both

groups, apart from pleurectomy/pleurodesis, which had 11
patients in the SAP group and six patients in the ESP group.

The most common indication for VATS in the ESP group was

wedge resection (n¼6), whereas the most common operation

in the SAP group was a pleurectomy (n¼8; Table 1).

Patient haemodynamic data and adverse events profiles for

each group are shown in Table 2. There were no statistically

significant differences in the minimum or maximum HR or

systolic BP measured after block performance. The incidence

of nausea, postoperative hypotension, and pruritus was low

overall with similar rates between each group. There were no

adverse events related to the use of the regional anaesthesia

techniques.

The primary outcome, QoR-15 at 24 h postoperatively, is

shown in Table 3. ESP had a mean (SD) QoR-15 score of 114 (16)

vs 102 (22) in SAP (P¼0.02). The time (min) to use of opioid

analgesia in PACU was 32.6 (20.6) in ESP vs 12.7 (9.5) in SAP

(P¼0.003). The mean (milligrams) opiate consumption in the

first 24 h postoperatively was 29.3 in ESP and 39.9 in SAP

(P¼0.24). The median (25e75%) CCI was 1 (0e2) vs 4 (0e26) for

ESP and SAP (P¼0.03), respectively. Regarding LOS, median

(25e75%) was 3 (2e6) vs 6 (3e9) for ESP and SAP (P¼0.17),

respectively.

The VRS pain scores at rest and on deep inspiration were

similar at all time intervals except at 24 h, median (25e75%

range): 4 (2e4) and 5 (3e6) and for the ESP and SAP groups



Table 1 Comparison of patient and surgical characteristics

Variable ESP group
(n¼30)

SAP group
(n¼30)

Age (yr) 58.8 (13) 53.1 (20)
Sex
Female 11 12
Male 19 18

BMI (kg m�2) 28.6 (9.5) 25.9 (7.4)
American Society of
Anesthesiologists physical status
(1/2/3)

1/15/14 7/11/12

Duration of surgery (min) 94 (46) 100 (50)
Duration of anaesthesia (min) 136 (48) 142 (53)

Procedure
Wedge resection 6 (20%) 4 (13%)
Bullectomy 4 (13%) 4 (13%)
Pleurodesis 2 (6.6%) 3 (10%)
Pleurectomy 4 (13%) 8 (27%)
Decortication 5 (17%) 4 (13%)
Pleural biopsy 4 (13%) 1 (3.3%)
Lobectomy 5 (17%) 6 (20%)
Robotic-assisted surgery 2 (6.6%) 2 (6.6%)
Intraoperative oxycodone (mg) 5.10 (5.0) 7.09 (3.5)

Data are expressed as mean (standard deviation) or n (%).
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(P¼0.04), respectively. The area under the pain VRS vs time

curve (AUC) at rest was ESP 92 (31) mm h�1 vs SAP 112 (35)

(P¼0.03; Fig 2a), whereas AUC on deep inspiration was ESP 107

(32) mm h�1 vs SAP 129 (32) (P¼0.01; Fig 2b). Complications are

reported in Table 4.
Discussion

This is the first randomised, double-blind clinical trial

comparing ESP vs SAP block in MITS using the patient-centred

outcome measure, QoR-15. We demonstrated a clinically

meaningful improvement in quality of recovery at 24 h for

patients who received ESP block in comparison with a SAP

block. Furthermore, ESP had longer time to first opioid anal-

gesia in recovery and a smaller burden of pain over time (AUC

of VRS) at rest and on deep inspiration.
Table 2 Monitoring and adverse events profile

Monitoring and adverse events ESP
(n¼30)

SAP
(n¼30)

P-
value

Lowest systolic BP (mm Hg) 82 (11) 84 (8.7) 0.60
Highest systolic BP recorded (mm
Hg)

146 (20) 142 (28) 0.69

Highest HR (beats min�1) recorded
intraoperatively

95 (22) 97 (20) 0.76

Antiemetics used in recovery (%) 3 (10) 4 (13.3) 0.61
Hypotension requiring intervention
in recovery (%)

1 (3.3) 2 (6.6) 0.65

Pruritus 0 0 0.99
Reported block complications 0 0 0.99

Data are shown as mean (SD) or as n (%). Adverse events are reported as
any incidents over the 24-h observation period of the study. There were
no significant differences between the two groups. ESP, erector spinae
plane block group; SAP, serratus anterior plane block group.
In terms of assessing the efficacy of anaesthetic interven-

tion, there has been a recent international movement to adopt

more patient-centred outcomes.19 Although lower pain scores

are important, they may not be perceived by the patient as a

better recovery experience if they are accompanied by other

debilitating side-effects. The QoR-15 score is internationally

recognised as a validated means of assessing patients’ quality

of recovery after surgery.19

Although a study has recently compared these blocks in

similar surgical patients, their measured outcome was limited

to pain severity and time to postoperative opioid re-

quirements.20 The most striking difference between this work

and ours was in time to first analgesia administration post-

operatively. This was 379 (7.7) vs 296 (6.6) min, mean (SD), in

ESP and SAP respectively, 10-fold longer than our patients,

who also received intraoperative opioids. This trend was also

continued in postoperative opioid consumption where their

patients required only two doses of meperidine (0.5 mg kg�1)

over the first 24 h postoperatively. In contrast, our patients

required significantly more opioid in the same postoperative

period despite our use of a larger volume of local anaesthesia

(levobupivacaine 30 vs 20ml). These large differences in opioid

consumption between the two studies are difficult to reconcile

and can only be partially explained by the additional use of

lidocaine 1% (5 ml) infiltration to each port site in the study

performed by our colleagues.20 In addition, it is worth noting

that the trigger point for anaesthesiologists to intervene with

analgesia in the postoperative period differed between the two

studies: Our patients had a pain VRS score of >2 as a threshold

for intervention, whereas our colleagues intervened only

when VRS pain score was �4. This may partially explain the

large differences in opioid consumption between the studies.

In any event, opioid consumption is not recommended as a

primary standardised endpoint in assessing patient comfort in

perioperative trials.19

First described in 2013 by Blanco and colleagues,13 SAP

block has recently been shown to improve the quality of re-

covery after VATS compared with placebo (normal saline)

using the QoR-40.21 Although both ESP and SAP blocks are

interfascial plane blocks of the thoracic wall, our findings may

be explained by the observation that ESP blocks both dorsal

and ventral rami of the thoracic spinal nerves and elicits some

degree of sympathetic blockade11 as opposed to SAP block,

which targets only branches of the intercostal nerve. However,

there is conflicting evidence from cadaveric andMRI studies as

to whether or not local anaesthetic consistently spreads to the

paravertebral space with ESP blocks.22e24

Optimum postoperative pain control is desirable not only

for acute pain relief, but also to reduce the risk of CPSP, which

has an incidence as high as 25% after VATS.25 Poorly controlled

postoperative pain is also associated with postoperative pul-

monary complications, which in turn increases time to

mobilisation and length of hospital stay.3

Our study also shows, for the first time, a difference in

overall morbidity as measured by the CCI between two blocks,

ESP and SAP, after major surgery. A derivation of the

ClavieneDindo scale,17 the CCIR-Calculator ascribes a numer-

ical score between 0 and 100, with higher scores indicating

both greater impact of a given morbidity and the aggregation

of complications in different body systems.16 For example a

patient developing postoperative pneumonia responsive to

antibiotics receives a lower score than a patient whose post-

operative pneumonia required intubation and ventilation in

an ICU. The magnitude of the therapy required to treat a



Table 3 Primary and secondary outcomes

Erector spinae plane block Serratus anterior plane block P-value

Primary outcome
QoR-15 score 114 (16) 102 (22) 0.02
Secondary outcomes
AUC Pain VRS vs time (at rest) 92 (31) 112 (35) 0.03
AUC Pain VRS vs time (on deep inspiration) 107(32) 129 (32) 0.01
Time (min) to first opioid analgesia in PACU 33 (21) 13 (9.5) 0.003
Total postoperative opioid consumption (mg) at 24 h 29 (31) 40 (34) 0.24
LOS (days) 3 (2e6) 6 (3e9) 0.17
Comprehensive complication index 1 (0e2) 4 (0e26) 0.03

All values are presented as mean (standard deviation) apart from length of stay (LOS) and comprehensive complication index (CCI) which are pre-
sented as median and interquartile range (IQR). AUC, area under the curve; VRS, verbal rating scale.

Comparison of ESP block and SAP block - 807
specific complication is the basis of the classification and al-

lows a weighting to be attributed to each complication in the

case of multiple complications.

This study shows a high incidence of postoperative com-

plications. A propensity-matched analysis of outcome from

the European Society of Thoracic Surgeons database reported

a complication rate of 29.1% for patients undergoing VATS

lobectomy for lung cancer.26 Eleven patients of our study

group underwent a VATS lobectomy. Similarly, high post-

operative complication rates (almost 60%) have been reported

in patients undergoing lung volume reduction surgery by the

National Emphysema Treatment Trial group.27 Twelve of our

patients underwent VATS as part of lung volume reduction

surgery. In addition, a postoperative complication has a broad

definition and ranges from a short course of antibiotics for a

presumed respiratory infection to an unanticipated admission

to ICU. Therefore, we feel our reported incidence of post-

operative complications is in keeping with previous studies.

The association we have demonstrated between ESP block

and lower CCI scores in comparison with SAP block is
Fig 2. (a) Area under the curve (AUC) of VRS pain over time at rest; P¼0.03. (b) AUC of VRS pain over time on deep inspiration; P¼0.01. VRS,

verbal rating scale.
interesting and merits further discussion. Postoperative

pneumonia was the most common complication observed. It

is plausible that the superior overall analgesia, evidenced by

the lower AUC VRS time and enhanced QoR-15 observed in our

ESP patients, may have contributed to lowering the incidence

of postoperative pneumonia. The mechanism of this

improvement in morbidity may have been faster mobilisation

attributable to better and longer duration analgesia. Previous

studies have demonstrated that regional anaesthesia can

reduce the incidence of postoperative pneumonia, particularly

in patients with pre-existing chronic obstructive pulmonary

disease (COPD).28,29 Effective analgesia is of paramount

importance in this cohort, as many patients presenting for

MITS will already have a diagnosis of COPD. Whether ESP

block reduces overall morbidity after other major surgeries is

currently unknown.

Our study was not powered to determine differences in

LOS. It is noteworthy that although there was a 3 day reduction

in median LOS in patients who received ESP, consistent with



Table 4 Postoperative complications in each group

ESP (n¼30) SAP (n¼30) P-value*

Postoperative pneumonia 2 (7) 8 (27) 0.17
Surgical site infection 1 (3) 1 (3) 0.99
Acute kidney injury 2 (7) 3 (10) 0.78
Recurrent pneumothorax/air leak requiring further intervention 4 (13) 5 (17) 0.67
Arrhythmia 1 (3) 1 (3) 0.99
Bleeding requiring transfusion 0 1 (3) 0.86
Unplanned ICU admission 1 (3) 2 (7) 0.79
Total number of patients with a postoperative complication 7 (23) 15 (50) 0.06

Data are shown as n (%).
* Fisher exact test. ESP, rector spinae plane; SAP, serratus anterior plane.
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their lower median morbidity, our sample size was too small

and the interpatient variability too wide for this difference in

LOS to have been statistically significant. In addition, two pa-

tients in the SAP group had considerably longer LOS than ex-

pected (111 and 39 days), which may have skewed our data in

favour of the ESP group. Therefore, we are uncertain regarding

the reliability of our observation of the effect of ESP block on

LOS.

Our observation that ESP block offers increased duration of

analgesia in comparison with SAP block is consistent with the

original observation of ESP block, which reported a block

duration of approximately 24 h.11 By comparison, the first

description of the SAP block using the ‘deep’ technique (which

we used) reported a mean block duration of 386 (160) min

among volunteers.13 These four volunteers were not exposed

to any surgical insult, and block duration was assessed by the

presence of paraesthesia as defined by the loss of pin prick

sensation with a hypodermic needle. This is very different to

the ‘surgical anaesthesia’ we require blocks to have in clinical

practice and hence may explain the large discrepancy in block

duration between these original descriptions and our study. It

is noteworthy that there is a wide range of values reported in

the literature regarding the duration of ESP and SAP blocks.

This is to be expected, because all interfascial blocks depend

on the spread of local anaesthetic within a tissue plane, the

extent of which will differ greatly from patient to patient and

is dependent on multiple factors.30

There is some debatewhether the ‘deep’ or ‘superficial’ SAP

block provides superior analgesia.31 Post-hoc analysis of a

recent systematic review and meta-analysis was unable to

definitively answer this question.32 Our institutional experi-

ence has been that injecting deep to the serratus anterior

muscle is technically easier, particularly in obese patients and

provides more easily recognisable sono-anatomy as opposed

to superficial injection.

ESP block is effective for analgesia in VATS33 compared

with routine systemic analgesia. There is also some evidence

that it gives comparable analgesia to paravertebral analgesia

in thoracotomy and with a lower incidence of complications.34

Given that each block is relatively easy to perform and are both

in current use, the findings of our study suggest that although

both blocks are beneficial, ESP has further merit over SAP in

VATS.

There are limitations in this trial. We enrolled patients who

were scheduled to have either robotic-assisted or video-

assisted thoracic surgery. Our rationale for this was that,
although the surgical port sites created for the robotic-assisted

technique are slightly smaller, the number of port sitesmay be

higher and recent published expert opinion to date suggests

that pain levels are similar to patients who undergo video-

assisted surgery.3 We believe it is unlikely that this intro-

duced any significant heterogeneity to our trial cohorts.

Despite our robust randomisation process, there were dif-

ferences in the type of surgery performed between the study

groups, with a preponderance of pleurectomy in the SAP

group. Pleurectomy can be associated with significant post-

operative pain, and this has the potential to influence our re-

sults. However, these differences were statistically not

significant. Furthermore, the SAP group had slightly younger

patients with lower BMI, which would have tended to enhance

QoR. Overall, we believe that these differences in baseline

characteristics were small and would have neutralised each

other.

We did not assess patients’ preoperative QoR-15, and

consequently did not have a baseline from which to compare

postoperative scores. Nonetheless, QoR-15 was designed for

postoperative use, and we applied this tool equally to both

randomised cohorts. Furthermore, the ability of QoR-15 in the

immediate preoperative period to give an accurate baseline

has been questioned, owing to patient factors such as fatigue

and anxiety related to impending surgery.35

The blocks were conducted under general anaesthesia;

therefore, formal dermatomal assessment of block function

was not performed. This raises the possibility that some

blocks may not have been fully effective. However, the prac-

tice of administering these and other peripheral nerve blocks

under ultrasound guidance after induction of general anaes-

thesia is consistent with routine clinical practice, and there-

fore our findings should be relevant to widespread practice.

In conclusion, this single-centre, prospective, randomised,

double-blind RCT among MITS patients has shown that pa-

tients who received an ESP block had better QoR-15 scores at

24 h and lower overall morbidity after surgery in comparison

with those who received the SAP block.
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