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Liposomal Bupivacaine’s 
Effect on the Diaphragm: 
Comment

To the Editor:

We read with great interest the article by Berg et al.1 
about the evaluation of diaphragmatic excursion 

after interscalene nerve block with liposomal bupivacaine 
versus plain bupivacaine.

In their study, the authors investigated as a primary out-
come the effect of liposomal bupivacaine combined with 
plain bupivacaine versus plain bupivacaine alone on dia-
phragmatic excursion during sigh (deep) and sniff (shallow) 
breathing in patients undergoing total shoulder arthroscopy 
in the immediate postoperative period and after 24 h.1

The study did not detect a difference between the two 
groups in absolute values of diaphragm excursion during a 
sigh breath at 24 h (P = 0.112), despite a greater than 1 cm dif-
ference observed. In addition, a significant difference between 
groups was noted in the percentage change with respect to 
preblock levels: –24% in the liposomal bupivacaine with bupi-
vacaine group compared with +9% in the bupivacaine group.

The authors concluded that the addition of liposomal 
bupivacaine to bupivacaine, in an interscalene block, results 
in statistically significant reductions in diaphragm excursion 
and pulmonary function testing 24 h after block placement 
compared with bupivacaine alone. The accompanying edi-
torial underlined the need for caution in the use of lipo-
somal bupivacaine for interscalene nerve block in patients 
with any pulmonary compromise.2

We have two comments on this study. First, we observed 
that the two groups were already rather different in their 
baseline values, as reported in their table 2. This was partic-
ularly true for the diaphragmatic excursion (higher in the 
liposomal bupivacaine with bupivacaine group), the percent 
change of which at 24 h was the primary outcome of the 
study.1 The authors did not discuss this issue, but, indeed, 
this baseline difference might have influenced the finding 
of a larger percent change in diaphragmatic excursion at 
24 h compared with baseline.1

Second, the authors used the percentage change in dia-
phragmatic excursion as a measure of the level of diaphrag-
matic paralysis, as defined by Renes et al.,3 who proposed 
that a 0 to 25% reduction from baseline could be consid-
ered as no paralysis, 25 to 75% reduced could be considered 
as partial paralysis, and a greater than 75% reduction could 
be considered as complete paralysis. However, as recently 
reported in this journal, 24 h after interscalene nerve 
block, the level of diaphragmatic paralysis measured with 

diaphragmatic excursion may be compensated by paraster-
nal muscle activity.4 Therefore, we believe that changes in 
diaphragmatic excursion alone cannot be considered as an 
adequate measure of diaphragmatic function.

For this reason, we propose that diaphragmatic thicken-
ing fraction can be a more appropriate tool for investigating 
the action of medications on the diaphragm. The thicken-
ing fraction is calculated as the maximal diaphragm thick-
ness (assessed using linear probe) during inspiration (Tdi, pi) 
minus the diaphragm thickness at end-expiration (Tdi, ee) 
divided by the Tdi, ee and multiplied by 100.5 Compared 
with diaphragmatic excursion, thickening fraction is a more 
sensitive and qualitatively accurate parameter and provides 
a more comprehensive measure of diaphragm contraction.

Excursion of the left hemidiaphragm is more difficult to 
assess than the right one and this is due to interference from 
gastric contents and the less favorable spleen’s window. Berg et 
al.1 performed 13 left blocks, but they did not comment on dif-
ficulties experienced in the evaluation of the excursion of the 
left hemidiaphragm.. In any case, use of the thickening fraction 
to measure and evaluate diaphragm activity would overcome 
this problem and should be used in the research field.

Of course, we understand that standard perioperative 
ultrasound practice does not normally include calculating 
the thickening fraction, being a more difficult measure to 
obtain and is mostly used to assess weaning from mechan-
ical ventilation in the intensive care unit.5 As a matter of 
fact, there is a bit of a schism between point-of-care ultra-
sound use in the operating room and intensive care settings. 
However, the skills required to measure thickening fraction 
are relatively easy to acquire under expert supervision.6

In conclusion, considering the aforementioned limita-
tions, we suggest caution in assessing the risk of adverse 
events in terms of diaphragmatic and pulmonary function, 
including dyspnea and oxygen need, with the use diaphrag-
matic excursion only.
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Although we do agree that the addition of diaphragmatic 
thickening would have added to the article, we stand by our 
conclusions. We are not aware of a comparative study of dia-
phragmatic thickening and excursion with clinical findings, 
and our results correlated well with the traditional measure 
of pulmonary function we measured via spirometry, lend-
ing credence to its validity. We still appreciate their word of 
caution regarding its use as a sole measure of pulmonary 
function, because recent research shows that diaphragmatic 
excursion can be influenced by accessory muscle use.4

Indeed, we believe that the reduction we detected in 
diaphragm excursion in the liposomal bupivacaine group 
combined with the reductions found in forced expiratory 
volume and forced vital capacity provides valuable insight 
into the clinical impact of liposomal bupivacaine intersca-
lene blocks on respiratory function. Hence, we are confident 
that the addition of liposomal bupivacaine to an interscalene 
block did not create a clinical difference in this population.
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Liposomal Bupivacaine’s 
Effect on the Diaphragm: 
Reply

In Reply:

We thank Vetrugno et al.1 for their relevant comments 
on our article.2 As Vetrugno et al. pointed out, the 

liposomal bupivacaine group started at a higher baseline 
diaphragmatic excursion than the bupivacaine-alone group. 
This was an unavoidable consequence of our randomiza-
tion scheme. The difference between the groups, however, 
was not significant, and we do not believe it contributed to 
our primary outcome.

The goal of our study was not just to detect statistical 
differences, but to gain insights into the clinical significance 
of the observed changes. To do this, we used the clinical defi-
nitions by Renes et al.3 of diaphragmatic paralysis. We felt that 
it was important to use the same technique used in that study, 
rather than trying to cross compare different techniques.
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Dural Puncture Epidural in  
Obese Parturients: 
Comment

To the Editor:

We are writing to raise some concerns about the 
study conducted by Tan et al.1 Their article “Quality 

of Labor Analgesia with Dural Puncture Epidural ver-
sus Standard Epidural Technique in Obese Parturients: A 
Double-blind Randomized Controlled Study” demon-
strated that dural puncture epidural did not provide 
additional benefits in improving labor analgesia in obese 
parturients.

In their study, labor analgesia was maintained with pro-
gramed intermittent epidural boluses of 6 ml of 0.1% rop-
ivacaine with 2 µg/mL fentanyl every 45 min. With such 
small bolus volumes, the analgesic improvement resulting 
from drug translocation through the dural conduit with 
the dural puncture epidural technique may be obscured. 
Moreover, the delivery rate of programed bolus dose 
administration was not reported in this study. Generally, 
high-rate epidural boluses increase injectate pressure and 
might facilitate drug translocation. We speculated that the 
inadequate bolus volume and/or the low delivery rate 
failed to generate sufficient pressure gradient and made 
the drug hard to “press” from the epidural space into the 
subarachnoid space.

We noticed another study conducted in the same institu-
tion using the same programed intermittent epidural bolus 
protocol (6 ml every 45 min) that failed to find improved 
outcomes compared to conventional epidural continu-
ous infusion (8 mL/h),2 although the attempts of patient- 
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controlled epidural analgesia were significantly higher with 
programed intermittent boluses compared to that with con-
tinuous infusion. The increasing analgesia demands for pain 
control of patient-controlled epidural analgesia might be a 
surrogate for inadequate pain relief. Since there are many 
variables in the programed intermittent epidural bolus set-
tings, Wong et al.3 believe that the programed intermittent 
bolus volume and interval time might influence the quality 
of analgesia during the maintenance of epidural labor anal-
gesia. In our randomized controlled study, we used relatively 
larger programed intermittent volumes and longer inter-
vals (8 ml every 60 min) compared to the current study and 
found improved analgesia quality and drug-sparing effect 
with dural puncture epidural compared to standard epidural 
technique.4

For the mechanism, Tan et al.1 explained that the small 
drug mass might fail to generate the required pressure to 
drive ropivacaine molecules across dural hole. However, 
in our study,4 with the same concentration of ropiva-
caine, the results were not consistent, possibly indicating 
that the major reason for the failure of primary outcome 
of the current study might be the inadequate volume of 
the programed intermittent bolus rather than the drug 
mass.
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