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A retrospective study comparing analgesic efficacy of 
ultrasound‑guided serratus anterior plane block versus 
intravenous fentanyl infusion in patients with multiple rib 
fractures
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Introduction

Multiple	 rib	 fractures	 (MRFs)	 lead	 to	 excruciating	 pain	
and splinting of multiple ribs, unable to breathe adequately 
and cough leading to significant morbidity and mortality 
of trauma patients, particularly in patients with poor 

respiratory reserve.[1‑5]	 Untreated	 pain	 leads	 to	 basal	
atelectasis, pneumonia, and a reduction in functional residual 
capacity. These factors contribute towards a decreased lung 
compliance, ventilation‑perfusion mismatch, hypoxemia, and 
respiratory distress. Therefore, effective pain relief remains 
the cornerstone of management to prevent serious respiratory 
complications. Patients can have concomitant head, internal 

Address for correspondence: Dr. Abhijit Nair, 
Department of Anaesthesiology, Ibra Hospital, North Sharqiya 
Governorate, P.O. Box 275, Ibra‑414, Sultanate of Oman.  
E‑mail: abhijitnair95@gmail.com

Access this article online
Quick Response Code:

Website: 
www.joacp.org

DOI:  
10.4103/joacp.JOACP_349_19

Background and Aims: Inadequately managed pain due to multiple rib fractures (MRFs) can lead to atelectasis, pneumonia, 
prolonged ICU stay thereby leads to significant morbidity, morbidity and cost of treatment. Opioids, non‑steroidal anti‑
inflammatory drugs and regional anaesthesia techniques like thoracic epidural or paravertebral blocks, intercostal nerve blocks 
are used to manage pain. Serratus anterior plane block (SAPB) is an ultrasound (US) guided interfascial plane block which 
has been used in managing pain due to MRFs. In this retrospective study, we compared analgesic efficacy and 24 hr fentanyl 
consumption in patients with MRFs who were managed with continuous SAPB versus patients who were managed with fentanyl 
infusion alone.
Material and Methods: After Institutional Ethics Committee approval, we retrospectively collected data of 72 patients (38 in 
SAPB group and 34 in fentanyl group). Demographic data, VAS scores and 24 hrs fentanyl consumption was analysed in both groups.
Results: There were statistically significant lower pain scores in patients of SAPB group when compared to that of fentanyl 
group (p=0.001) and in 24 hrs fentanyl consumption in patients who received continuous SAPB versus that in fentanyl 
group(p=0.001). No complications were observed in patients who received US guided SAPB.
Conclusion: US guided SAPB is an opioid sparing, effective interfascial plane block which is safe and should be considered 
early in all patients who sustain MRFs. Continuous SAPB by placing a catheter can provide pain relief for longer duration, 
facilitate early mobilization, physiotherapy and early ICU discharge.
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thoracic, intra‑abdominal, and limb injuries resulting in poor 
clinical outcomes.[6‑8] The number of rib fractures >3, rib 
fracture locations, bilateral rib fractures, intraparenchymal 
pulmonary injuries, flail chest, and a first rib fracture influence 
the mortality rates.[9‑12]

The	involvement	of	acute	pain	services	in	MRFs	is	based	on	
“Rib	Fracture	score”.[13] Rib fracture score = (breaks × sides) 
+ age factor. “Breaks” is the total number of fractures to the 
rib. Score of 1 is for unilateral fractures and 2 for bilateral 
fractures. Age is factored into the equation due to an increased 
risk of complications (age factor = 0 if <50 years; 1 if 
51–60 years; 2 if 61–70 years; 3 if 71–80 years; 4 if above 
80 years). A score >7, requires the involvement of acute 
pain team.

Serratus	anterior	plane	block	(SAPB)	is	an	ultrasound	(US)	
guided interfascial plane block that has been used successfully 
in	managing	acute	pain	due	to	MRFs.[14]

We hypothesized that a continuous SAPB would be more 
effective	in	managing	pain	dueto	MRFs.The	primary	outcome	
was to compare pain scores in patients who received SAPB 
versus those who were managed with fentanyl infusion.The 
secondary objectives were to compare 24 hrs fentanyl infusion 
and complications if any.

The purpose of this study was to address and establish the 
role of continuous SAPB (CSAPB) in managing pain due 
to lateral rib fractures.

Material and Methods

We performed a retrospective cohort study in patients who 
sustained	MRFs	 and	were	managed	with	 either	 SAPB	
or fentanyl infusion. We retrospectively analyzed data of 
patients who sustained lateral rib fractures from 2016‑2019 
after Institutional Ethics Committee approval. All patients 
had a Rib fracture score of more than 7. Computerized 
tomography (CT) scan was done for all patients. We retrieved 
data of 38 patients who received a SAPB (henceforth 
referred to as group S) and 34 patients were treated with 
intravenous (IV) infusion of fentanyl (henceforth referred 
to	as	group	F)	after	a	bolus	dose.	Patients	who	along	with	
MRFs	 sustained	 other	 injuries	 like	 intra-abdominal,	 limb	
injuries but were not serious or considered for an immediate 
surgical intervention were included in the analysis. Patients 
with multiple injuries (intra‑thoracic, intra‑abdominal, lower, 
or upper limb) and who underwent surgeries for the same 
were not analyzed. Patients with head injuries were excluded 
from data collection. Patients in both groups had associated 
injuries like intrathoracic, intra‑abdominal, upper, and 

lower limb injuries which were for observation and not for 
any intervention [Tables 1 and 2]. Patients who sustained 
posterior	rib	fractures	were	managed	with	US-guided	erector	
spinae plane block (ESPB) and were not included in analysis.

Group S
Patients	 in	 group	 S	 received	 US-guided	 SAP	 block	
within	 4–6	 h	 of	 admission	 in	 the	 ICU	after	 an	 informed	
consent.	With	patient	 in	 supine	position,	 linear	US	probe	
(5–12 mHz Sonosite, M‑Turbo; Sonosite Inc.) was placed 
longitudinally in the midaxillary line at the level of 4–5 ribs. 
The ribs were measured from supraclavicular fossa (rib 1), 
infraclavicular fossa (rib 2), and then gradually downwards 
and laterally towards the midaxillary line. An 18 G Tuohy 
needle was inserted in plane, in the midaxillary line. The 
needle was coursed through latissimus dorsi, the outer sheath 
of serratus anterior muscle (SAM), the SAM and the inner 
sheath of SAM [Figure 1].

Figure 1: Showing USG guided serratus anterior plane block. (Blue 
arrows‑ needle, SAM‑ serratus anterior muscle, R5‑ fifth rib, pink arrow‑ pleura)

Table 1: Showing demographic data (age, gender) and 
comparison of associated injuries along with fracture ribs

Group F (n=34) Group S (n=38)
Age (years) 28‑65 (42.38) 32‑74 (50.23)
Gender M=22, F=12 M=21, N=17
Intra‑thoracic injuries 4 5
Intra‑abdominal injuries 0 1
Upper limb injuries 7 13
Lower limb injuries 12 5
Head injuries 0 0

Table 2: Showing comparison of rib fractures in either 
groups

No of Rib Fractures Group F (n=34) Group S (n=38)
Left n=25 n=22
Right n=9 n=16
Bilateral nil nil
First Rib n=1 n=3
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Three ml of 0.9% normal saline was injected to identify 
the correct plane between the SAM and the intercostal 
muscles (ICMs). Once the needle tip was confirmed in the 
SAP, 25 ml 0.2% ropivacaine and 50 µg of clonidine was 
injected in SAP. The spread was observed in the SAP for 
a distance of 4‑5 intercostal spaces in the posterior plane. 
Influenced by gravity in the supine position, the spread was 
more in the posterior plane. 20 G catheter was introduced 
to a distance of 5‑6 cm in the SAP. All patients in group S 
received a continuous infusion of 0.1% ropivacaine at 8 ml/hr 
for 24 hrs. IV fentanyl at a dose of 0.5 µg/kg was ordered as 
rescue analgesia i.e., if pain on Visual Analogue Score (VAS) 
was more than 4 in group S.

Group F
Patients	 in	 group	 F	 received	 a	 bolus	 of	 IV	 fentanyl	
(1.5 µg/kg, a maximum of 100 µg) if VAS was more than 4 
followed by an infusion of 0.5 µg/hr. A bolus of 0.5 µg/kg was 
ordered for breakthrough pain i.e., if pain on VAS was more 
than 4. VAS was assessed every hourly. All patients in both 
the	groups	S	and	F	were	administered1	gmIV	paracetamol	
8th hourly. This was a retrospective study. Therefore, a sample 
size calculation was not done. Patients admitted from January 
2016 to December 2019 were included.

Statistical Package for the Social Sciences (SPSS) version 21 
was used for statistical analysis. P < than 0.05 was considered 
as statistically significant. Appropriate statistical tests were 
used for the analysis of collected data (Chi‑Square test for 
age, unpaired t test for 24 h fentanyl consumption and age, 
ANOVA was analyzing VAS in two groups).

We retrieved data of 72 patients out of which 38 patients had 
received	US-guided	SAPB	and	34	patients	were	managed	
with IV fentanyl infusion and fentanyl bolus for breakthrough 
pain. The demographic data (age, gender) is shown in 
Table 1. On analysis, gender of patients in both groups was 
not statistically significant (P = 0.41, Chi‑square test). There 
was a statistically significant difference pertaining to age based 
on t test (P = 0.001).

In	 group	 F,	 patients	 received	 0.5	 µg/kg/h fentanyl 
infusion continuously. These patients received boluses of 
0.5 µg/kg on several occasions when VAS was more than 
4 in the first 24 h. Patients in group S were on CSAPB 
with 0.1% ropivacaine infusion and received boluses of 
0.5 µg/kg when VAS was more than 4 in the first 24 h. 
There was a statistically significant difference between VAS 
score of two groups measured at 6 hourly intervals 
(repeated measured ANOVA test) [Figure 2]. Mean fentanyl 
consumption patients from group S was 95.26 ± 17.16 µg 
compared to 717.06 ± 83.10 in µg. There was statistically 

significant difference in fentanyl consumption in both the 
groups (P = 0.001, t‑test) Table	3.	In	group	F,	in	15	patients	
IV fentanyl infusion was slowly weaned off once the VAS 
settled	to	2-3	in	the	next	24	h.	In	the	same	group	F	US-guided	
SAPB was performed in remaining 19 patients at the end 
of 24 hrs since the VAS did not improve. In the group S, 
all patients had a VAS of 2–3 and a bolus of IV fentanyl 
0.5 µg/kg was administered when VAS was more than 4 
which was noticed after chest physiotherapy.

Discussion

An effective analgesia promptly prevents hypoventilation, 
enables deep breathing, adequate coughing with clearance 
of pulmonary secretions, and compliance with chest 
physiotherapy	in	patients	who	sustain	MRFs.	Overall,	this	
reduced secondary pulmonary complications, including 
atelectasis, pneumonia, respiratory failure, and the need 
for respiratory support.[15,16] Opioids are commonly used in 
managing	pain	due	to	MRFs.	But	use	of	opioids	comes	at	
the cost of significant side‑effects like respiratory depression, 
depressed cough reflex, constipation, and delirium.[17‑19]

May et al. proposed an algorithm for pain management 
in	MRF	 patients	 which	 also	 uses	Rib	 fracture	 score.[19] 
The algorithm describes 4 steps. Step 1 involves use of 
paracetamol, codeine and/or non‑steroidal anti‑inflammatory 
drugs (NSAIDs) and/or oral morphine. In step 2 (pain score 

Figure 2: Shows comparison of VAS score for 1st 24 hrs in both groups. The figure 
is of a comparative line graph of means + 95% confidence interval in every 6 hrs

Table 3: Showing comparison of 24 hrs fentanyl 
consumption in both groups

Group n Mean Std. 
Deviation

Std. Error 
Mean

24 hrs fentanyl 
consumption (µg)

F 34 717.06 83.104 14.252
S 38 95.26 17.162 2.784

There is statistically significant difference in fentanyl consumption in both the 
groups (P=0.001) based on t‑test
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is 2–3), IV morphine needs to be titrated to response with 
anti‑emetics. In step 3 (pain is uncontrolled), IV morphine 
patient‑controlled analgesia, gabapentin and anti‑emetics 
should be used. In step 4 (pain is still uncontrolled) with 
above measures: regional nerve block, TEA (thoracic epidural 
analgesia), SAPB, paravertebral block with catheter with rib 
fixation is suggested.

TEA is contraindicated in the following conditions: spinal 
cord injury, epidural or spinal cord hematoma, thoracic 
vertebral body fracture, spinal injury awaiting assessment, and 
coagulopathy	(platelets	<50	×	109	litre	−1,	INR	>1.5).	
Patients on oral anticoagulants or antiplatelets further limit 
the use of TEA.[20,21] Injections of local anesthetic (LA) into 
the wedge‑shaped paravertebral space, that is, the thoracic 
paravertebral block––which blocks the motor, sensory 
and sympathetic fibres produce effective analgesia across 
4‑5 dermatomes. Evidence suggests that paravertebral blocks 
are as effective as TEA without many of the contraindications, 
complications, and side‑effects observed with epidurals.[22,23] 
Further	a	TEA	for	lateral	rib	fractures	would	be	an	overkill,	
which could be easily managed with multiple intercostal 
blocks (MICBs). However, MICBs involves multiple 
injections with multiples of complications like pneumothorax 
and intravascular injections.[24,25]

A variation and advancement of MICBs is the SAPB 
described initially by Blanco et al.[26] The lateral thoracic 
wall is innervated by the lateral cutaneous nerves that arise 
from the intercostal nerves. The lateral nerves travel in a 
potential space between the two planes of superficial and 
deep SAM. Injection of LA and catheter insertion with 
infusion provides analgesia to the anterolateral part of the 
thorax, with paraesthesia from T2 to T9.[27] Till date, there 
are only case reports which have described the efficacy of 
SAPB for managing pain due to fracture ribs.[28‑30] Although 
retrospective, our study compares opioid‑sparing analgesic 
efficacy of SAPB versus opioid alone.

In this retrospective comparative study, we observed opioid 
sparing, good quality pain relief (VAS of 2‑3/10) in patients 
who were managed with CSAPB in group S with 0.1% 
ropivacaine at 8 ml/hour and IV paracetamol 1 g 8 hourly. 
All patients were mobilized on day 3. As against this, patients 
in	group	F	required	frequent	intermittent	IV	fentanyl	boluses	
leading to significant opioid consumption. 15 patients out of 
34 required CSAPB as a rescue intervention after 24 hrs.

With the current retrospective comparative study, we feel 
CSAPB should be instituted earlier in the course of rib 
fracture pain pathway management to improve outcome, 
early	ambulation,	and	discharge	from	ICU.	The	proposed	

algorithm by May et al. recommends the interventional 
technique i.e., regional anesthesia techniques like TEA, 
paravertebral block, and SAPB as a step 4, which appears 
too late. An earlier intervention with SAPB for lateral rib 
fractures	greatly	improves	outcomes.	Further,	the	SAPBs	are	
performed in supine position and alleviates pain immediately. 
This study recommends the use of CSAPBs for lateral rib 
fractures extending from posterior angle of rib to 4–5 cm 
beyond the midaxillary line till anterior aspect, 3‑4 cm anterior 
to the mid‑axillary line.

There are limitations to this study. Being a retrospective 
study, there could be issues like bias which can be addressed 
only with randomization of patients into either group. In the 
presence of an underlying pneumothorax with subcutaneous 
emphysema, visualization of the SAP will be poor. In patients 
with dyspnoea, needle tracking will be difficult in the SAP 
and an echogenic needle may be required. Moreover, the 
two groups received different drugs thus were not matched 
well enough.
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