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Background: The epidural pressure is pulsatile and synchronized with arterial pulsations.
Monitoring the epidural waveform has been suggested as a technique to reliably confirm the
appropriate localization of the epidural catheter.

Objective: The aim of this study was to evaluate the sensitivity and specificity of the
Computer Controlled Drug Delivery System with continuous pressure and waveform sensing
technology (CCDDS) (CompuFlo® CathCheck™) as an instrument to assess the correct
placement of the catheter in the epidural space in parturients who have received combined
spinal-epidural technique (CSE) for labor analgesia.

Methods: We enrolled 40 consecutive healthy patients undergoing CSE labor analgesia with
successful analgesia. All the cases in which pulsatile waveforms in synchrony with heart rate
were detected were considered to be true positives; all the cases in which there was the
absence of pulsatile waves were followed up. If these patients had to eventually relocate or
manipulate the epidural catheter, they were considered to be true negative. If the absence of
pulse waves was observed in the presence of successful analgesia during labor, the patients
were considered to be false negatives.

Results: Pulsatile waveforms synchronous with heart rate were observed in 33 cases associated
with adequate analgesia. In 5 cases, the pulsatile waveforms were absent due to unilateral
analgesia or catheter occlusion (true negatives). In 2 cases, the patients had effective analgesia
but we were not able to observe a distinct pulsatile waveform. The pressure waveform analysis
through the epidural catheter had a sensitivity of 95%, a positive predictive value of 100%,
a specificity of 100% and a negative predictive value of 60%.

Conclusion: Pulsatile pressure waveform recording with CCDDS through the epidural
catheter resulted in high sensitivity and positive predictive value which can help the proper
placement of the epidural catheter.
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Introduction
A proper needle placement in the epidural space is essential to correctly perform the
technique and also to predict the probability for the epidural injection to result in
successful analgesia. The greatest verification of the accurate positioning of an
epidural catheter is the occurrence of adequate analgesia (or anesthesia) and the
evidence of sensory block after the injection of the local anesthetic solution.

In the combined spinal epidural (CSE) needle through needle technique, there is
no practical test to confirm correct epidural catheter placement. This may become
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most important when, after CSE labor analgesia, an
untested epidural catheter must be used to extend the
anesthetic block for an unplanned or urgent cesarean
section.

Unfortunately, epidural catheters may be incorrectly
placed or may migrate even after initial correct placement
due to the patient’s movements.

Transducing the pressure occurring in the epidural
space produces a characteristic waveform, which reflects
heart rate and peripheral pulse waves transmitted through
the dura to the epidural space."* The occurrence of these
pulsatile waveforms in synchrony with heart rate, obtained
by transducing the epidural catheter, has been reported to
be a sign confirming the epidural location of the catheter.
The use of customary invasive blood pressure monitors
and pressure transducers may, however, be problematical
in labor and delivery setting, and, in all cases, they may
also be considered to be an “off-label” resource, since not
specifically designed for this purpose.

Most recently, Milestone Scientific has introduced the
Computer Controlled Drug Delivery System®® with con-
tinuous pressure and waveform sensing technology
(CCDDS) to detect and display the pulsatile waveform
found in the epidural space, utilizing a high-resolution in-
line pressure sensor.’®

The purpose of this prospective, single arm, open-label
study was to evaluate the sensitivity and specificity of
CCDDS technology in detecting epidural pulse waveforms
to assess the correct placement of the catheter in the
epidural space in parturients who have received CSE for
labor analgesia.

Methods

The study protocol was registered at Clinical Trials.gov
(Registration: NCT04240912), received the approval from
the Institutional Ethics Committee (Lazio 1, Roma, Italy)
and all the patients gave written informed consent. The
study was conducted in accordance with the Declaration of
Helsinki. The study was conducted from April to
September 2020.

We enrolled in this study 40 consecutive healthy patients
who requested labor analgesia. All the patients received CSE
analgesia which is the routine technique for labor analgesia
in our hospital. The CES technique was performed with
a needle through needle technique at L3/L4 or L4/LS,
using a 27G spinal needle and a 16G epidural needle (CSE
Minipack, Smiths Medical, USA). After giving the spinal
component of the analgesic solution (2.5 mg of ropivacaine

with 2.5 pg of sufentanil), a closed ended multiport 16
G epidural catheter was threaded into the epidural space
and attached to a CADD Solis Pump (Smiths Medical,
USA) to deliver a programmed intermittent epidural bolus
(PIEB) of 10 mL of the maintenance analgesic solution
(ropivacaine 0.01% and sufentanil 0.5 pg/mL) every hour,
starting immediately after the spinal analgesic dose.

The efficacy of analgesia was evaluated by a 100 mm
Visual Analogue Pain Scale (VAPS) (0= no pain; 100=
worst pain ever) assessed at the apex of a painful contrac-
tion. Analgesia was considered successful if the patients
reported a VAPS equal or less than 10 fifteen minutes after
administration of the CSE dose.

Two hours after the initial spinal analgesic dose, all the
patients with successful analgesia were admitted to the
study and their epidural catheter was disconnected from
the PIEB pump, primed with 5 mL of sterile saline, and
connected to the CompuFlo instrument, to record the

occurrence of epidural pulsatile waveforms. The
CompuFlo  instrument (CompuFlo®  CathCheck™
Milestone Scientific, USA) utilizes the Computer

Controlled Drug Delivery System with continuous pres-
sure and waveform sensing (CCDDS) technology, and
provides objective pressure measurements and the detec-
tion of a pulsatile pressure waveform in a single system.

The initial epidural catheter priming volume was 5 mL
of sterile saline solution. The investigator was allowed to
give incremental volumes of 5 mL each in the case of the
absence of any EPW appearance for 10 seconds up to
20 mL. If, however, after 20 mL priming volume, no
EPW was detected, the case was considered as negative.

All the EPW measurements were made with the patient
in the semi recumbent lateral decubitus position with the
epidural catheter fixed on the patient’s shoulder and
directly connected to the pressure transducer of the instru-
ment, which, in turn, was positioned on the patient’s bed.
The patients were advised not to speak, to breathe calmly
and not to move during the measurements. Neither the
instrument nor the tubing set nor the transducer was
handled or touched during the recordings.

All the cases in which pulsatile waveforms in synchrony
with heart rate were detected were considered to be true
positives; all the cases in which there was the absence of
pulsatile waves were followed up. In these patients, if the
epidural catheter had to be eventually relocated or manipu-
lated, they were considered to be true negative. Criteria for

manipulation or repositioning of the epidural catheter were
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the occurrence of pain during labor analgesia due to uni-
lateral block or absence of adequate sensory block.

If the absence of pulse waves was observed in the
presence of successful analgesia during labor the patients
were considered to be false negatives.

The volume of saline necessary to prime the epidural
catheter (mL) was noted.

Statistical Analysis
All the results were recorded, and data were analyzed for
the specificity and sensitivity.

Sample size calculation was estimated using exact
methods for a diagnostic test study.

The power analysis, based on the one-sided test, was
set to detect a 99% specificity and sensitivity and required
a sample of 36 observations to set 80% test power and
95% significance level.

To evaluate the accuracy of the test we measured the
Area Under the curve of the
Characteristic (AUC, ROC curve).

Receiver Operating

Results

Thirty-eight patients had successful analgesia after the CSE
and received at least an epidural PIEB bolus before the study
period and therefore were included in the data analysis. Mean
(SD) age was 27.3 (6.5) years, with a mean (SD) BMI of 26.7
(1.3) and a mean (SD) 39.5 (0.8) weeks of gestation; 23
(60%) patients were nulliparas, 15 (40%) were multiparas.

Pulsatile waveforms synchronous with heart rate were
observed in 33 epidural catheters associated with adequate
analgesia and therefore properly located in the epidural
space. In all cases, the visualization of a peak-to-peak (apex-
to-apex) frequency was consistent with that of the cardiovas-
cular pulse rate periodicity, but we observed a variability in
the height of the amplitude between different waveforms.
The waveform classification was based on the following
formula: Peak-to-Trough Vertical Height/Peak-to-Peak
Horizontal Distance x 100% = Pulse Wave Ratio. When the
Pulse Wave Ratio was greater than 50% it was classified as
“strong”, when less than 50% understood to be “weak”.

We observed strong waveforms in 28 cases (84%) and
weak in 5 cases (15%) but all had a recognizable pulsation
synchronous with the heart rate.

We noticed an interference with the appearance of the
pulsatile wave during deep breaths in 7 patients (21%) but
this interference did not prevent us from identifying the
pulsatile wave after re-priming.

Figure | lllustration of epidural waveforms representing (A) strong, (B) weak, (C)
weak with respiratory pattern and (D) absent. When accessing the presence of
a positive waveform in the weak category, greater attention should be focused on
details, as the vertical height of the amplitude of waveform is reduced.

In 5 cases, the pulsatile waveforms were absent.
During the follow-up in two cases, these catheters were
relocated because they were associated with unilateral
analgesia, and in one case the occlusion of the catheter
was noted and therefore these three cases were considered
to be true negatives.

In 2 other cases, the patients had effective analgesia but
we were not able to observe a distinct pulsatile waveform
even after repeated priming, and these cases were consid-
ered as false negatives.

In Figure 1 an example of strong, weak and absent
epidural waveforms is reported. An example of pulse
waves during the patient’s deep breathing is also depicted.

In Table 1 are reported sensitivity, specificity, positive
predictive value (PPV) and negative predictive values (NVP)
and accuracy values of CCDDS technology to detect epi-
dural pulse waveforms and to assess the correct placement of
the catheter in the epidural space. The pressure waveform
analysis through the epidural catheter had a sensitivity of
95%, a positive predictive value of 100%, a specificity of
100% and a negative predictive value of 60%.

In Figure 2 the Area Under the Curve (AUC) is shown,
which confirms the high accuracy of our results.
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Table | Sensitivity, Specificity, Positive Predictive Value (PPV),
Negative Predictive Value (NPV) and Accuracy Concerning the
Ability of CCDDS Technology to Detect and Display the Pulsatile
Wave Form Found in the Epidural Space

Value 95% ClI
Sensitivity 0.95 0.88 to 1.00
Specificity 1.00 1.00 to 1.00
PPV 1.00 1.00 to 1.00
NPV 0.60 0.17 to 1.00
Accuracy 0.97 0.93 to 1.00

The epidural catheter priming volume necessary to
obtain the epidural pulsatile waves ranged from 5 to
15 mL of saline, with a mean (SD) volume of 9.36
(4.75) mL.

Discussion
In this study, pulsatile pressure waveform recording with
the CCDDS technology through the epidural catheter
resulted in high sensitivity and reliable positive predictive
values.

This result was similar to that previously obtained in
a completely different setting, such as with epidural cathe-
ters previously used for post-cesarean analgesia and about
to be removed.®

Concerning laboring women, using a commercially
available transducer for invasive pressure, Sebbag et al’
observed no epidural pressure waveforms without priming,
and they attributed their findings to anatomical and phy-
siological differences in the lumbar epidural space of
parturients. On the contrary, Al-Aamri et al® who used an
invasive blood pressure transducer reported a pulsatile
waveform in 96% of cases in laboring women, after
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Figure 2 Area under the curve (AUC).

priming the epidural space with 5 mL of saline, as sug-
gested by de Medicis et al.’

However, unlike us, these previous studies in laboring
women to date observed epidural waveforms through the
epidural needle and not through the epidural catheter. In
clinical practice, and especially in obstetrics, all the
analgesic solutions are injected through the catheter and
not through the needle; therefore, it is of vital importance
to confirm the correct location of the catheter in the epi-
dural space during the entire duration of labor.

During labor, an originally well-placed epidural cathe-
ter may become dislodged due to patient movement.'®"
The knowledge of the accurate position of the catheter in
the epidural space whenever needed is even more impor-
tant with CSE labor analgesia when an untested epidural
catheter must eventually be used to extend an epidural
block for an unplanned cesarean section.

Regarding technical aspects, as opposed to the pressure
transducers used in the previous studies,’ the CCDDS
technology, utilizing a high-resolution pressure in-line sen-
sor system, was capable of detecting the presence of
a pulsatile waveform, when present, with a high degree of
sensitivity. Previous research conducted in detecting
a pulsatile waveform was based upon visual inspection of
a sine-wave on a medical oscilloscope display. The visual
interpretation is dependent upon a clinician’s subjective
identification of a waveform on the screen.® Visualization
of a peak-to-peak (apex-to-apex) frequency, synchronous
with that of the cardiovascular pulse rate periodicity, is
consistently observed across all affirmative pulsatile path-
ways, while the height of the waveform amplitude is found
to vary between different waveforms. It is noted that the
height of the waveform amplitude is dependent on the
oscilloscope setting of the vertical scale with respect to
+mm/Hg. A unique feature of the CCDDS technology is
the ability to optimize the screen by being able to change
the vertical scaling of ¥mm/Hg in real-time during the
procedure thus allowing one to enhance the visualization
of the waveform. Another point worth consideration, is that
when accessing the presence of a positive waveform in the
weak category, greater attention should be focused on
details, as the vertical height of the amplitude of waveform
is reduced. However, with repeated observations and
experience, the weak pulsatile waveforms can also be
clearly identified. Indeed, in a previous paper which used
a standard pressure transducer,'? 50% of patients had epi-
dural waveform of weak oscillation, whereas in our cases
the majority of the oscillations were mainly strong and
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easily evident, and in only 15% the waveforms were weak.
However, previous studies were performed with commer-
cially available blood pressure transducers not specifically
designed for the epidural use, and therefore less sensitive to
the epidural signal.

CCDDS technology has optimized the recognition of
any epidural pulsatile waveform by using a scale that can
vary the sensitivity and magnitude of the pulsatile wave.

In addition, CCDDS technology utilizes standardized
disposables specifically designed for the system, avoid-
ing the use of off-label blood pressure transducers that
introduce variability due to varying different setups with
non-standardized components. These features are more
important in obstetric anesthesia when lumbar epidurals
are used, because detection of the pulse wave at the
lower levels of the vertebral column has been shown
to have a reduced vertical amplitude height of the pul-

. 1
satile waveforms'?

and therefore would ideally need
a more sensitive instrument for detection.

This study has, however, some limitations. Our study
was not designed to investigate whether more or less
pulsatile waveforms could be revealed in the case of inad-
vertent placement of the epidural catheter in the subarach-
noid, intravascular, or subdural place, and further studies,
are required to investigate this issue.

Another theoretical limitation was the relatively low
negative predictive value, but this is most likely due to the
scarcity of negative cases and to the high success rate of
our epidurals in our sample. In addition, the primary
objective of the study was the detection of pulsatile
waves when the catheter was in the epidural space and
therefore the most important parameter was the positive
predictive value, which confirms that the catheter is in the
epidural space by the positive epidural wave.

In conclusion, pulsatile pressure waveform recording
with the CCDDS technology through the epidural catheter
resulted in high sensitivity and a positive predictive value.
Our results can encourage the clinical use of this instru-
ment to help in the correct identification of the catheter in
the epidural space and eventually check its proper place-
ment, which may be especially valuable in the case of CSE
labor analgesia where testing the epidural catheter may be
more complex.
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