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statistically significant, but of questionable clinical relevance, 
as it does not fulfill the criteria of a low-compliant bladder), 
we state in our discussion that the “ongoing drainage of the 
bladder” could be a confounding factor as stated by Maxwell 
and Liu in their letter. However, whether such a short-term 
drainage truly impacts compliance is debatable.

As to the ambiguity in how the primary endpoint was 
reported, we refer to figure 1. During TEA, all residuals 
were assessed during urodynamic evaluation using a catheter 
(postoperative day 2) and after removal by ultrasound, where 
the median PVR was 0 and 2.5 ml (return to normal), respec-
tively. In this context, noninvasive ultrasound measurement 
of PVR is as accurate as measurement by catheterization.7 
Concerning patients with urinary retention, we refer to the 
results section. Overall 12 patients were in retention dur-
ing TEA postoperatively (four in the bupivacaine group and 
eight in the bupivacaine/fentanyl group, without reaching 
statistical significance).

As stated in our conclusion, we did not conclude that 
the urinary catheter must be left in place; on the con-
trary and in agreement with Drs. Maxwell and Liu, we 
recommend either an indwelling catheter or “a proper 
assessment and monitoring of PVR.” In the context of 12 
patients (30%) in acute urinary retention, we underline 
the fact that acute bladder overdistension is an important 
complication, which can lead to irreversible damage to the 
detrusor with long-term bladder dysfunction (myogenic 
bladder damage).8

One strength of our study is that none of the patients 
needed rescue systemic opioids for postoperative analgesia, 
thereby excluding the potential systemic influence of opi-
oids on bladder function. We do not see why this should 
compromise the external validity of the results. TEA should 
indeed allow for a sufficient analgesia without the need for 
supplemental systemic opioids.

In summary, the goal of the study was to determine 
the role of the drug mixture in TEA on voiding function. 
We observed a change in voiding function resulting in an 
increased PVR with a trend toward a stronger effect if fen-
tanyl was added. This is in line with observations on systemic 
opioid use.9
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In Reply:
We would like to thank Drs. Maxwell and Liu for their inter-
est in our investigation and their comments. In their letter, 
they voiced concerns about the methodology and interpreta-
tion of our results.1

First point of criticism was our choice of words, as we 
used the words enhance or more pronounced in a context 
where the difference was not statistically significant. We were 
not trying to imply a statistical significance; the nonsignif-
icant P value is stated. The difference in detrusor activity 
actually was statistically significant during thoracic epidural 
analgesia (TEA) preoperatively.

The second point of criticism was the choice of postvoid 
residual (PVR) as primary endpoint because the measurement 
of PVR is variable at different times and can reflect other fac-
tors such as rate of diuresis or psychological inhibition. The 
urodynamic studies performed here were standardized and in 
accordance with the International Continence Society rec-
ommendations. Urodynamic studies for mechanistic assess-
ment of bladder function are the most reliable method for 
evaluation of bladder function to date, considering them as 
the definitive standard investigation.2 The PVR is measured 
immediately after voiding per catheter, and the “endogenic” 
urine production is actually identifiable based on the volume 
filled, the volume voided, and the PVR. In this setting, the 
role of diuresis on PVR’s can be assumed to be negligible. 
Because the studies were always performed in the same set-
ting, the potential role of “psychological inhibition” on blad-
der function also seems questionable and purely speculative.

The Olmsted County study clearly demonstrates that 
most men in all age groups empty their bladder with less 
than 12 ml of residual urine.3 The International Consulta-
tion on benign prostatic hyperplasia defined a range of 
50–100 ml as the lower threshold to define abnormal PVR.4 
Hence, PVR changes are an acknowledged sign of impaired 
voiding function. The change in PVR of more than 230 ml 
used here, based on precedent observations,5 can be consid-
ered a sign of a relevant change in voiding function. The 
other comment, concerning a previous study in patients 
undergoing thoracic surgery,6 further underlines the rel-
evance of the increased PVR as a sign of impaired voiding 
function observed in this study. It is notable that the patients 
in the previous study cited by Drs. Maxwell and Liu were 
of younger age, another factor influencing bladder function.

We agree with Drs. Maxwell and Liu that our study was 
underpowered to assess the significance of the rate of uri-
nary tract infection, but this was not the focus of our study. 
Concerning the decreased bladder compliance (in this case 
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