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Ultrasound detection of diaphragm position in the region for lung monitoring
by electrical impedance tomography during laparoscopy

Kristyna Buzkova?, Martin Muller*®, Ales Rara*®, Karel Roubik®, Tomas TylI®

Background and Aims. During laparoscopic surgery, a capnoperitoneum is created to optimize the operating space
for surgeons. One effect of this is abdominal pressure which alters the physiological thoraco-abdominal configuration
and pushes the diaphragm and lungs cranially. Since the lung image acquired by electrical impedance tomography (EIT)
depends on the conditions within the thorax and abdomen, it is crucial to know the diaphragm position to determine
the effect of diaphragm shift on EIT thorax image.

Methods. The presence of diaphragm in the region of EIT measurement was determined by ultrasound in 20 patients
undergoing laparoscopic surgery. Data were obtained in the supine position during spontaneous breathing in a me-
chanically ventilated patient under general anesthesia with muscle relaxation and in a mechanically ventilated patient
under general anesthesia with muscle relaxation during capnoperitoneum.

Results. The diaphragm was shifted cranially during capnoperitoneum. The diaphragm detection rate rose by 10%
during capnoperitoneum at the fifth intercostal space, from 55% to 65% and by 10% from 0% at mid-sternal level
compared to mechanical ventilation without capnoperitoneum.

Conclusion. The diaphragm was detected in the area contributing to the creation of the thoracic EIT image. Considering
the cranial shift of diaphragm caused by excessive intra-abdominal pressure, the impedance changes in the abdomen
and the principle of EIT, we assume there could be a significant impact on EIT image of the thorax acquired during
capnoperitoneum. For this reason, for lung monitoring using EIT during capnoperitoneum, the manufacturer’s recom-
mendation for electrode belt position is not appropriate.

The study was registered in ClinicalTrials.gov with an identifier NCT03038061.
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INTRODUCTION During laparoscopic surgery, capnoperitoneum is cre-
ated in order to optimize the working space for surgeons.
Electrical impedance tomography (EIT) is a non-  To ensure suitable surgical conditions, there is increased
invasive, radiation free bedside alternative, in some ap-  pressure to 12-14 mmHg™” of CO, in the abdomen for the
plications, to conventional imaging systems such as X-ray = duration of surgery. As a side effect, the abdominal pres-
or CT. It can provide information about the distribution  sure changes the physiological thoraco-abdominal con-
of tissue impedance within a selected body cross-sec- figuration and most importantly pushes the diaphragm
tion. When monitoring ventilation using the EIT sys- and the lungs cranially, as evidenced by both preclinical'!
tem PulmoVista 500 (Driager Medical GmbH, Liibeck, and clinical'>" studies. The forced position of the dia-
Germany), it is recommended by the manufacturer to  phragm and the lungs has not been clearly analyzed in
place the electrode belt between the 4® and 6" intercostal — human patients and raises the question whether a proper
space determined at the parasternal line. From the litera- knowledge of thoraco-abdominal configuration during
ture!, the upper limits of the diaphragm are at the level laparoscopic surgery is necessary for lung monitoring
of the fourth intercostal space. In order to avoid artifacts methods, such as EIT. Until today, there is no study on
caused by diaphragmatic movement, the manufacturer  the lung or diaphragm position changes more specifically
does not recommend placing the electrode belt lower  during laparoscopic surgery. Since the EIT image depends
than the 5" intercostal space for the patients with a likely  on the conditions within the thorax and abdomen, it is
elevated position of the diaphragm?. However, there are  crucial to know the diaphragm position to understand the
many studies pointing out missing data about optimal EIT  effect of a cranial shift of the diaphragm on EIT images
belt position®. As Jan Karsten et al’. and many others**  of the thorax.

have described, placement of the electrode belt at juxta- The aim of this study is to examine the change in posi-
diaphragmatic levels can provide inaccurate information  tion of the diaphragm when capnoperitoneum is induced
about the distribution of ventilation. and to determine whether the diaphragm is present di-
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rectly in the region monitored by electrical impedance
tomography at the conventional position of an electrode
belt recommended by the manufacturer.

METHODS

A prospective interventional study was approved by
the ethics committee of the Military University Hospital
in Prague on November 10, 2015. The study was registered
in ClinicalTrials.gov with an identifier NCT03038061.
The study sample consisted of 20 patients (10 males, 10
females), average age 55.75 £ 15.02 years, BMI 25.76 +
3.92 kg/m?. All patients enrolled in the study underwent
laparoscopic surgery with capnoperitoneum (types of
surgeries are specified in Table 1). The exclusion criteria
were extreme obesity (BMI > 40 kg/m?) and standard
exclusion criteria for EIT measurement defined by the
EIT device manufacturer?.

The position of the diaphragm was determined in
the supine position in three phases: (1) during spontane-
ous breathing, (2) during mechanical ventilation under
general anesthesia with muscle relaxation and (3) dur-
ing mechanical ventilation under general anesthesia with
muscle relaxation and capnoperitoneum. The tilt of the
final position of the patients depended on the diagnosis;
Trendelenburg position (up to 30° tilt) was used in 11
patients, reverse Trendelenburg position (up to 40° tilt)
was used in 9 patients. General anesthesia was managed
as combined supplemented (induction was performed
with propofol, sevofluran/isofluran and bolus adminis-
tration of sufentanil). During surgery, myorelaxation was
ensured by non-depolarizing muscle relaxants (rocuroni-
um, or cisatracurium). Open airways were maintained
by orotracheal intubation, volume controlled ventila-
tion (VCV) mode of mechanical ventilation was used
with tidal volumes of 6-8 mL/kg, positive end-expiration
pressure (PEEP) 5 cmH,O, respiratory rate was man-
aged according to capnography (end-tidal concentration,
EtCO,) to sustain normocapnia (4-5 kPa pCO,), fraction
of inspired oxygen (FiO,) was 50%. High flow insuffla-
tor units Olympus UHI-3 and UHI-4 (Olympus Surgical
Technologies, Hamburg, Germany) were used for intro-
duction and maintenance of capnoperitoneum. Pressure
of the insufflation gas was set to 12-15 mmHg.

The presence of the diaphragm or the liver was de-
termined using ultrasound Ultrasonix Sonix Touch

(Ultrasonix Medical Corporation, Richmond, Canada)
during whole breathing cycles, regardless whether the tis-
sues occurred during inspiration, expiration or both. The
detection was performed in an anterior axillary line at two
defined levels: at the level of the fifth intercostal space
and in the middle of the sternum. A convex ultrasound
probe was used. The probe was placed perpendicular to
the chest wall, parallel to the ribs and in the transverse
plane.

To determine whether the diaphragm or the liver was
present in the region of EIT measurement, the distance
between the upper edge of the sternum and the fifth inter-
costal space (D) and the distance between the upper edge
of sternum and diaphragm (D,) were measured. The area
involved in EIT image formation, as declared by the manu-
facturer of EIT system PulmoVista 500, is + 10 cm from
the plane of the electrode belt>. For the cases when | Dd
- D5] < 10 cm applied, the presence of the diaphragm
or liver was considered as confirmed. The two-tailed pair
t-test was used for comparing the measured distances of
diaphragm from the upper edge of sternum (spontaneous
breathing vs. during capnoperitoneum, artificial ventila-
tion vs. during capnoperitoneum). P-value of 0.05 was
statistically significant.

RESULTS

Table 2 shows the number of positive detections of
the diaphragm at the fifth intercostal space and at the
mid-sternal level for spontaneously breathing patients, for
mechanically ventilated patients under general anesthesia
with muscle relaxation and for mechanically ventilated
patients under general anesthesia with muscle relaxation
and capnoperitoneum for the whole group and for each of
the positions. The detection rate rose by 10% during cap-
noperitoneum at the fifth intercostal space, from 55.0%
for ventilated patients to 65.0% for ventilated patients with
capnoperitoneum and by 10% from 0% to 10% at the mid-
sternal level compared to spontaneously breathing and
mechanically ventilated patients. The presence of the dia-
phragm in the region of EIT lung monitoring for spon-
taneously breathing patients, for mechanically ventilated
patients under general anesthesia with muscle relaxation
and for mechanically ventilated patients under general
anesthesia with muscle relaxation and capnoperitoneum
is shown in Table 3. It is evident that in all cases except

Table 1. Types, patient position and numbers of performed surgeries.

Type of surgery

Laparoscopic cholecystectomy
Laparoscopic hernioplasty and fundoplication

Robotic prostatectomy

Laparoscopic assisted vaginal hysterectomy
Laparoscopic endometriosis elimination
Laparoscopy for extra-uterine gravidity
Laparoscopic rectal resection

Position Number of patients
Reverse Trendelenburg 8

1
Trendelenburg 5

2

2

1

1
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Table 2. The positive diaphragm detection at the fifth intercostal space and at the mid-sternal level for spontaneously breathing

patients (Spontaneous), for mechanically ventilated patients under general anesthesia with muscle relaxation (Ventilated) and

for mechanically ventilated patients under general anesthesia with muscle relaxation and capnoperitoneum (Ventilated + CP)

divided into patients undergoing surgery in the Trendelenburg position (CP, Trendelenburg) and reverse Trendelenburg position
(CP, reverse Trendelenburg).

Spontaneous Ventilated Ventilated CP, CP, reverse
+CP Trendelenburg Trendelenburg
No. of patients 20 20 20 11 9
Fifth intercostal space No. of detections 12 11 13 8 5
Detection rate (%) 60.0 55.0 65.0 72.7 55.5
Mid-sternal level No. of detections 0 0 2 2 0
Detection rate (%) 0.0 0.0 10.0 18.2 0.0

Table 3. The presence of the diaphragm in the region of EIT measurement (+ 10 cm from the electrode belt plane at 5" intercostal

space) for spontaneously breathing patients (Spontaneous), for mechanically ventilated patients under general anesthesia with

muscle relaxation (Ventilated) and for mechanically ventilated patients under general anesthesia with muscle relaxation and cap-

noperitoneum (Ventilated + CP) divided into patients undergoing surgery in the Trendelenburg position (CP, Trendelenburg) and
the reverse Trendelenburg position (CP, reverse Trendelenburg).

Spontaneous Ventilated Ventilated + CP CP, CP, reverse
Trendelenburg  Trendelenburg
No. of patients 20 20 20 11 9
No. of detections 20 20 19 10 9
Detection rate (%) 100.0 100.0 95.0 91.0 100.0
Avg. distance between diaphragm -0.1 0.3 -1.6 -2.7 -0.1
and 5" intercostal space (cm)
STD - Distance between diaphragm 2.2 2.6 4.3 4.8 3.4

and 5" intercostal space (cm)

one during capnoperitoneum, (100%, 100% and 95%) the  that the diaphragm is shifted more cranially in mechani-
diaphragm was detected in the region of standard EIT  cally ventilated patients with capnoperitoneum (as shown
measurement (i.e. 4-6™ intercostal space). The average by the negative distance in Table 3), whereas mechanical
distance between the diaphragm and the 5th intercostal  ventilation shifts the diaphragm caudally (as shown by the
space rose from - 0.1 cm in spontaneously breathing pa-  positive distance in Table 3).
tients to - 1.7 cm in mechanically ventilated patients with However, several limitations of this study should be
capnoperitoneum. The furthest distance (- 2.7 cm) was  noted. Each patient is anatomically different, so the level
detected in the Trendelenburg position with capnoperito-  of the fifth intercostal space does not always correspond
neum. In some cases, the diaphragm was shifted cranially ~ with the exact same level of the lungs. The accuracy of
beyond the area examined by ultrasound, and the liver  the ultrasound method for detection of the diaphragm or
was detected instead. P-values for two-tailed paired t-test  the liver is considered to be sufficient; there might have
were 0.002 (spontaneous breathing vs. during capnoperi-  been only some inaccuracies in the measured values of the
toneum) and 0.005 (artificial ventilation vs. during cap-  distance between the upper edge of the sternum and the
noperitoneum). Both values are statistically significant. fifth intercostal space and the distance between the upper
edge of sternum and the diaphragm, which should not
have a significant impact. It is also difficult to maintain
DISCUSSION the exact position of an ultrasound probe in the patient
covered by surgical drapes. Therefore, the detected posi-
The main finding of the study was that the diaphragm  tion of the diaphragm cannot be considered as completely
is almost always present at the area contributing to the  accurate but, based on the resolution of EIT, the deviation
EIT image of the thorax for all analyzed cases - for is acceptable. Also, the diaphragm is not always evident
spontaneously breathing patients (100%), mechanically = sonographically; therefore, the detection of the liver was
ventilated patients under general anesthesia with muscle  also considered as a positive result proving the cranial
relaxation (100%) and for mechanically ventilated pa-  shift of the diaphragm.
tients under general anesthesia with muscle relaxation It is expected that capnoperitoneum will have an effect
and capnoperitoneum (95%). Another important finding  on the EIT image of the thorax, if the standard methodol-
is that the diaphragm is cranially shifted during capno-  ogy for EIT monitoring is followed. The thoraco-abdom-
peritoneum. In 10% of cases during capnoperitoneum, the  inal configuration significantly contributes to the final
diaphragm was detected even at the mid-sternal level. Itis  EIT image. Therefore, the following issue is raised: It is
also evident (as supported by the statistical significance)  not clear how the EIT image would be affected, when gas
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occurs in the peritoneum. Since gas is completely non-
conducting, it could cause significant changes in EIT im-
age. Although it was proven that the diaphragm reaches
into the region monitored by EIT with no capnoperito-
neum induced, it could cause much greater effect when
capnoperitoneum is present, because the impedance of
the abdomen changes crucially. Another study should
be performed on the problem of EIT monitoring during
capnoperitoneum.

Also, it is evident that during capnoperitoneum, the
electrode belt should not be placed in the standard posi-
tion as recommended by the manufacturer. Our results
show that the EIT signal will not be useable for monitor-
ing lungs with the electrode belt in the standard position.
Another study should be performed on EIT monitoring
during capnoperitoneum, analyzing the EIT signal for the
cases when the electrode belt is placed more cranially.

CONCLUSION

The study has shown that during laparoscopic surgery
when capnoperitoneum is induced, in the level of the fifth
intercostal space, which is a conventional position of the
electrode belt for EIT lung monitoring, the diaphragm or
the liver is present at 65% of the patients. In 95% cases,
the diaphragm was detected at the area contributing to
the creation of the EIT image of the thorax (+ 10 cm
from the electrode belt plane). Considering the possible
cranial shift of the diaphragm caused by excessive intra-ab-
dominal pressure, the impedance changes in the abdomen
and the principle of EIT, we predict there could be a sig-
nificant adverse impact on EIT image of the thorax when
acquired during capnoperitoneum. For lung monitoring
using EIT during capnoperitoneum, the manufacturer’s
recommendation of electrode belt position is unsuitable.
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