
CORRESPONDENCE

Respiratory benefits of deep neuromuscular
block during laparoscopic surgery in a
patient with end-stage lung disease
Editor—Anaesthetic management of patients with end-stage
lung disease undergoing surgery is challenging, and certain
aspects have not been well clarified.1 2 Specifically, it is not
clear how changing the level of neuromuscular block (NMB)
affects the respiratory system during laparoscopic surgical pro-
cedures. We, therefore, report our experience with a 24-yr-old
woman (weight, 60 kg; height, 168 cm) undergoing laparo-
scopic appendectomy. The patient had a-1 antitrypsin defi-
ciency (AATD), which led to emphysema. She also suffered
from respiratory infections (bronchiectasis) and recurrent
pneumothorax. The last pneumothorax occurred 1 month
before surgery and was treated by tube drainage and pleurod-
esis. The patient received non-invasive ventilation while
waiting for a lung transplant because of the end-stage lung
disease. Preoperative arterial blood analysis showed pH 7.35,
partial pressure of oxygen (PaO2 ) 8.2 kPa, partial pressure of
carbon dioxide (PaCO2

) 5.9 kPa, and PaO2
(mm Hg)/fraction of

inspired oxygen (FIO2
) 220.

Anaesthesia was induced with fentanyl 3 mg kg21, propofol
3 mg kg21, and rocuronium 1 mg kg21. Tracheal intubation
was easily performed. The patient’s lungs were ventilated with
a 35/65 oxygen/air mixture delivered in the pressure-regulated
volume control mode (FLOW-iw Ventilator, MAQUET Medical
System, Italy). During pressure-regulated volume control, the
FLOW-iw ventilator adjusts the inspiratory pressure control to
the lowest possible level to guarantee delivery of the preset
tidal volume, in accordance with the mechanical properties of
airways, lungs, and thorax. Ventilation was first set at inspiratory
tidal volume 6 ml kg21, respiratory rate 10 bpm, inspiratory-to-
expiratoryratio1:2,andPEEP3 cm H2O. Ventilationwasadjusted
to achieve a better respiratory pattern (Table 1). Because of a
high risk of barotrauma, recruitment manoeuvres were not
performed. The automatic gas control of the ventilator
allowed minimal flow anaesthesia (0.3 litre min21).

Anaesthesia was maintained with desflurane (end-tidal
concentration 5.2%, corresponding to a minimum alveolar
concentration of 0.9) and remifentanil 0.1–0.15 mg kg21

min21 to ensure a BIS value of 35. Neuromuscular monitoring
of the adductor pollicis muscle was conducted by accelero-
myography (TOF-Watchw SX, Organon Teknik, Ireland). Stabil-
ization, calibration, and baseline responses were recorded at
the time of anaesthesia induction before rocuronium adminis-
tration, and neuromuscular monitoring continued until the
train-of-four (TOF) ratio returned to ≥1.0. NMB was maintained
with boluses of rocuronium after the intubating dose (total
dose 90 mg).

Laparoscopic surgery started after abdominal insufflation
of carbon dioxide (carboperitoneum). The intra-abdominal

pressure was 1.3 kPa, which allowed an adequate surgical
view. The respiratory pattern during laparoscopy varied
according to the level of NMB (Table 1). Cardiovascular para-
meters were stable throughout the surgical procedure.
After an uneventful surgery, remifentanil was discontinued.
Ondansetron 4 mg and ketoprofen 100 mg were given for
postoperative nausea/vomiting and pain prophylaxis. Sugam-
madex 4 mg kg21 was administered to reverse the deep
rocuronium-induced NMB. Complete NMB reversal [from 5
post-tetanic counts (PTCs) to a TOF ratio of 1.12] was achieved
in 80 s. Desflurane was then discontinued, the patient awa-
kened, and the tracheal tube was removed 6 min later. The
patient did not have pain, postoperative nausea/vomiting, or
signs of respiratory failure or residual NMB in the post-
anaesthesia care unit. The patient was discharged to the surgi-
cal ward 2 h later.

AATD is an under-recognized genetic condition that affects
approximately one in 2000 to one in 5000 individuals.3 a-1
antitrypsin, which is produced mainly in the liver, protects
the lung against proteolytic damage (i.e. from neutrophil
elastase);3 therefore, individuals with AATD are predisposed
to bronchiectasis and early-onset emphysema.3 Panacinar
emphysema is often seen with AATD,3 but panacinar and cen-
trilobular emphysema may coexist.3 4 Although lung compli-
ance is generally increased with panacinar emphysema,3 4 it
may be unexpectedly decreased with a predominantly centri-
lobular type.4 In end-stage lung disease, hypoxaemia and
hypercapnia may be present,3 4 increasing the risk of peri-
operative respiratory complications.5 6 Carboperitoneum in
laparoscopic surgery increases intra-abdominal pressure and
pushes the diaphragm upwards, thereby increasing peak
airway pressure and decreasing both lung and chest wall com-
pliance.7 8 Conversely, reducing intra-abdominal pressure
decreases airway pressure and improves respiratory system
compliance.8 Deepening the level of NMB may be also useful,
because it increases muscle relaxation and reduces chest
wall stiffening.8 PTC monitoring can be used to determine
the degree of relaxation in muscles of the thorax and
abdomen, including the diaphragm, which is the most resist-
ant to NMB.9 PTC≤5 indicates adequate NMB, even for the dia-
phragm.9 Compared with moderate or shallow NMB, deep NMB
with a low insufflation pressure during carboperitoneum facil-
itates lung recruitment and gas exchange, decreases inflam-
matory mediator release, respiratory system elastance, and
lung hyperinflation,8 10 reduces cardiac dysfunction,7 improves
the quality of surgical conditions,11 and decreases post-
operative pain intensity, incidence of shoulder pain, and anal-
gesic consumption.12 Sugammadex can be used to reverse
deep rocuronium-induced NMB at the end of surgery.7 11 In
patients with lung disease, reversal of rocuronium-induced
NMB with sugammadex was shown to be safe, quick, and
effective.5 6
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In conclusion, deep NMB improves respiratory patterns and
should be recommended in high-risk respiratory patients
undergoing laparoscopic surgery.
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Table 1 Intraoperative ventilation parameters and arterial blood gas analysis in a patient with end-stage lung disease due to AATD undergoing
laparoscopic surgery. BMV, beginning of mechanical ventilation performed in pressure-regulated volume control (PRVC) mode; EMV, end of
mechanical ventilation performed in PRVC mode; BCP, beginning of carboperitoneum; ECP, end of carboperitoneum; Ppeak, peak pressure; Pplateau,
plateau pressure; PEEP, positive end-expiratory pressure; Vt, tidal volume; RR, respiratory rate (bpm); I:E ratio, inspiratory time:expiratory time ratio;
E, elastance; Cstat, static compliance; Cdyn, dynamic compliance; Tc, time constant (expiration); FIO2

, fraction of inspired oxygen; PaO2 , partial
pressure of oxygen; SaO2

, arterial oxygen saturation; IAP, intra-abdominal pressure during CP; NMB, neuromuscular block; PTC, post-tetanic count.
The MAQUET FLOW-iw anaesthesiaventilatorautomatically displays some measured parameters, but other parameters (i.e. Pplateau, E, Cstat, Tc, total
PEEP) require a 5 s inspiratory hold, 5 s expiratory hold, or both

BMV 10 min 20 min BCP 10 min 20 min 30 min 40 min 50 min 60 min ECP EMV

RR (bpm) 10 10 10 10 10 10 10 10 10 10 10 10

Vt (ml kg21) 6 7 8 8 8 8 8 8 8 8 8 8

I:E ratio 1:2 1:2 1:2 1:2 1:2 1:2 1:2 1:2 1:2 1:2 1:2 1:2

Ppeak (cm H2O) 18 19 21 24 24 24 24 23 24 24 19 20

Pplateau (cm H2O) 16 17 19 21 22 21 21 21 22 21 17 18

PEEP (cm H2O) 3 3 5 5 5 5 5 5 5 5 5 5

E (cm H2O litre21) 42 34 26 49 51 49 44 41 36 33 22 22

Cstat (ml cm H2O21) 24 29 39 21 19 21 23 25 28 30 45 45

Cdyn (ml cm H2O21) 22 30 35 18 18 19 21 22 26 28 39 39

Tc (s) 0.48 0.52 0.61 0.41 0.39 0.4 0.44 0.47 0.52 0.58 0.79 0.89

FIO2
0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

pH 7.35 7.38 7.4 7.39 7.38 7.39 7.39 7.4 7.4 7.4 7.41 7.41

PaO2
(kPa) 13.1 15.1 15.7 14.3 13.8 14.5 14.9 16.4 18.1 18.8 19.7 19.8

PaCO2
(kPa) 5.7 5.4 5.2 5.4 5.5 5.4 5.3 5.3 5.1 5.1 5 5

SaO2
(%) 97.2 98.2 98.5 98.1 97.7 97.9 98.1 98.6 98.8 99 99 99.1

PaO2
(mm Hg)/FIO2

282 325 337 308 297 308 320 351 388 402 422 423

IAP (mm Hg) 0 0 0 10 10 10 10 10 10 10 0 0

NMB level (PTC) 0 1 3 5 8 0 1 2 4 1 3 5
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