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Advances in the management of patients with neuromuscu-
lar diseases (NMDs) have improved patient survival'—* with
increasing pregnancies prevalence.” NMDs have a broad
spectrum of presentation and a subgroup of these women
are at risk of developing pulmonary complications (PCs)
mainly due to respiratory muscle weakness leading to
hypoventilation and ineffective cough.?~® During preg-
nancy the growing fetus further impairs diaphragm excur-
sion and increases respiratory muscles load, rising the risk
of alveolar hypoventilation, ineffective cough and PCs
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a consequence, pregnancy in patients with NMDs may be
associated with a significant risk of morbidity.® ' Noninva-
sive ventilation (NIV) used in combination with mechanical
insufflation-exsufflation (MI-E) can successfully treat hypo-
ventilation and airway secretion retention in patients with
NMDs, thereby preventing PCs, prolonged intubation, and
tracheostomy. '~ 18

Our review of the literature found only isolated case
reports of pregnant patients with severe chronic ventilatory
failure due to NMDs such as polio, spinal muscular atrophy,
limb-girdle muscular dystrophy, amyotrophic lateral sclero-
sis and mitochondrial myopathies.'®'213:18-24 These case
reports showed that different NMDs may present similar
respiratory impairment such as hypoventilation and airway
secretion retention. They also claimed that peri-partum use
of NIV may prevent PCs, allowing successful pregnancy and
the delivery of healthy neonates despite severe baseline
disability.

We hypothesized that NMDs pregnant women may benefit
from a protocol for identifying women with pulmonary risk
factors and preventing, in this subgroup, PCs by applying NIV
combined with MI-E in the peri-partum period

To test our hypothesis, we designed a multicenter proto-
col (protocol No. 473, November 4th, 2015, approved by our
Institutional Review Board (IRB) with code n.175246/AR)
enrolling consecutive pregnant women with NMDs undergo-
ing cesarean section or spontaneous labor in a network of
seven ltalian hospitals (IT-NEUMA-Pregn study) to identify
patients at risk of developing PCs.

Patients were approached at the 28th-30th week of preg-
nancy. A multidisciplinary approach was essential in the
management of these patients. Our protocol included respi-
ratory tests to assess gas exchange, lung volumes and cough

effectiveness as well as training to NIV and MI-E (Figure 1).
All women also underwent a neurological assessment to con-
firm the diagnosis, and, when feasible, the genetic diagnosis
was recorded. In addition, all women with myopathies
underwent careful assessment of heart function including an
electrocardiogram and echocardiogram, if not performed in
the previous 12 months.

Patients were considered at risk for pulmonary complica-
tions if at least one of the following findings was present: i)
oxygen saturation at room air (SpO,) <95%; ii) diurnal or
nocturnal hypercapnia; iii) central or obstructive apneas; iv)
history of weak cough or recurrent respiratory illness; v)
long-term NIV; vi) use of cough assistance techniques at
home; vii) forced vital capacity (FVC) < 50% of predicted
value; viii) peak cough flow (PCF) < 270 L/min; ix) Gilardeau
dysphagia score > 1; x) Cobb angle > 50° Pre-existing respi-
ratory device dependency was also taken into account. Swal-
lowing was evaluated by Gilardeau dysphagia score.?

PCs included any of the following conditions occurring
within 7 days after delivery: i) pneumonia, ii) bronchospasm,
iii) acute respiratory failure, iv) secretion retention, v) atel-
ectasis, vi) pneumothorax, vii) pleural effusion. They also
encompassed: i) invasive mechanical ventilation > 48 h after
cesarian section, ii) need for re-intubation iii) need for a tra-
cheostomy.

Patients identified at risk for PCs were trained or re-
trained to use NIV and/or MI-E before the delivery. In case of
intubation for general anesthesia during cesarean section,
all patients at risk for PCs were extubated directly to NIV
and MI-E. Continuous NIV were then weaned off or back to
baseline hours of use per day.

Twenty out of the 81 NMDs pregnant women included in the
study were identified as at risk of respiratory complications and

Basic respiratory assessments: 1) SpO, measurement in room air, 2) spirometry and 3) rule
out an history of weak cough or recurrent respiratory illness

One of the following:

v Sp0, <95%

v"history of weak cough or recurrent respiratory illness

v FVC <50% of the predicted value

VNS

No further respiratory
assessment nor respiratory interventions

Advanced respiratory assessments:
PCF, ABG and sleep respiratory study

/\

One of the following:
v PCF <270 L/min

One of the following:
v" diurnal hypercapnia or nocturnal hypoventilation

v FVC < 50% of the predicted value v FVC < 30% of the predicted value

TRAINING in MI-E No respiratory intervention TRAINING in NIV
before the delivery in before the delivery before the delivery in

outpatient setting.

outpatient setting

Fig. 1 Respiratory management pathway in NMDs pregnant women without respiratory devices dependency. Legend: FVC, forced
vital capacity; SpO2, hemoglobin saturation; PCF, peak cough flow; ABG, arterial blood gas; NIV, non-invasive ventilation; MI-E,

mechanical insuflator-exsufflator.
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were trained or re-trained to use NIV and/or MI-E. Forty-five
patients were affected by myopathyies. Our preliminary results
(unpublished data) showed that, when NMDs pregnant women
with severe respiratory muscle weakness were trained in the
use of NIV and/or mucus clearance techniques before preg-
nancy and were extubated directly to NIV, mother and neonatal
outcome was favourable. After delivery, 13 patients required
NIV with or without MI-E. The subgroup at risk of respiratory
complications had a higher percentage of PCs (5 vs 1), higher
ICU admission rate (11 vs 5), longer hospital length of stay
(9.5 + 7.3 days vs 5.1 &+ 2.1 days) than those without respira-
tory risk factors. No woman was tracheostomized or died. This
preliminary results also showed that the use of NIV and MI-E
was safe in the peri-partum period. No complications related to
MI-E was described in our patients before and after delivery.

With regard to delivery strategies cesarean section was
performed in 63 women and 18 patients underwent vaginal
delivery. If general anesthesia was required administration
of halogenated agents was avoided in women with myopa-
thies to prevent rhabdomyolysis. Fifty-eight out of 63
patients who required cesarean sections were managed with
regional anesthesia. General anesthesia was only performed
in five cases and in four of them difficult intubation was
recorded. In good agreement with the literature,'®?® this
data confirmed that tracheal intubation may be challenging
in NMDs patients.

The use of regional anesthesia offers a significant advan-
tage in term of avoidance of general anesthesia side-effects
and reduction of postoperative respiratory complications.'®
However, severe scoliosis may be sometimes present in these
women, making it difficult to perform neuraxial blockade.'" In
our study only three patients had severe scoliosis and only two
patients underwent spinal surgery. As a consequence, neurax-
ial blockade was performed in most of the patients undergoing
cesarian section and epidural analgesia was administered in 12
out of 18 patients who underwent vaginal delivery.

The low number of patients included in our study and the
heterogeneity of these disorders with variable disease sever-
ity preclude any statistical analysis. As a consequence, the
aim of this commentary was to solicit the involvement of
other centers in an international collaborative perspective
in order to enroll more NMDs women to confirm the efficacy
of this protocol and possibly to evaluate cohorts of patients
with specific diseases.

In conclusion, our data suggest that MI-E might be safely
used in combination with NIV to prevent and treat secretion
retention during pregnancy. Including international centers
and enroling larger number of patients we could confirm the
efficacy of this peri-partum protocol.

Financial support
This study was funded by the Italian Society of Anesthesia,
Analgesia, Resuscitation and Intensive Care (SIAARTI)

Acknowledgement

We thank Marcello Arsura for his contribution in editing this
manuscript for English grammar and language

References

1.

20.

Finkel RS, Sejersen T, Mercuri E. 218th ENMC International
Workshop: revisiting the consensus on standards of care in SMA
Naarden, The Netherlands, 19-21 February 2016. Neuromuscul
Disord. 2017;27:596—605.

. Sansone VA, Gagnon C. participants of the 207th ENMC Work-

shop. 207th ENMC Workshop on chronic respiratory insufficiency
in myotonic dystrophies: management and implications for
research, 27-29 June 2014, Naarden, The Netherlands. Neuro-
muscul Disord. 2015;25(5):432—42.

. Hull J, Aniapravan R, Chan E, Chatwin M, Forton J, Gallagher J,

et al. British Thoracic Society guideline for respiratory manage-
ment of children with neuromuscular weakness. Thorax.
2012;67(1):1—40. Suppl.

. Norwood F, Rudnik-Schoneborn S. 179th ENMC international

workshop: pregnancy in women with neuromuscular disorders.
Neuromuscul Disord. 2011;22(2):183—-90.

. Guidon AC, Massey EW. Neuromuscular Disorders in Pregnancy.

Neurol Clin. 2012;30(3):889—-911.

. MclLoughlin L, Bhagvat P. Anaesthesia for caesarean section in

spinal muscular atrophy type Ill. Int J Obstetr Anesth.

2004;13:192-5.

. Flunt D, Andreadis N, Menadue C, Welsh AW. Clinical commen-

tary: obstetric and respiratory management of pregnancy with
severe spinal muscular atrophy. Obstet Gynecol Int.
2009;2009:942301.

. Foster RN, Boothroyd KP. Caesarean section in a complicated

case of central core disease. Anaesthesia. 2008;63:544—7.

. Soma-Pillay P, Nelson-Piercy C, Tolppanen H. Physiological

changes in pregnancy. Cardiovasc J Afr. 2016;27(2):89—-94.

. Elkus R, Popovich J Jr. Respiratory physiology in pregnancy. Clin

Chest Med. 1992;13(4):555—65.

. LoMauro A, Aliverti A. Respiratory physiology of pregnancy.

Breathe. 2015;11:297-301.

. Bach JR. Successful pregnancies for ventilator users. Am J Phys

Med Rehabil. 2003;82:226—9.

. Awater C, Zerres K, Rudnik-Schoneborn S. Pregnancy course and

outcome in women with hereditary neuromuscular disorders:
comparison of obstetric risks in 178 patients. Eur J Obstet Gyne-
col Reprod Biol. 2012;162(2):153-9.

. Johnson NE, Hung M, Nasser E, Johnson NE, Hung M, Nasser E,

Hagerman KA, Chen W, Ciafaloni E, et al. The impact of preg-
nancy on myotonic dystrophy: a registry-based study. J Neuro-
muscul Dis. 2015;2(4):447—52.

. Birnkrant DJ, Panitch HB, Benditt JO, Boitano LJ, Carter ER,

Cwik VA, et al. American College of Chest Physicians consensus
statement on the respiratory and related management of
patients with Duchenne muscular dystrophy undergoing anes-
thesia or sedation. Chest. 2007;132:1977—-86.

. Racca F, Mongini T, Wolfler A, Vianello A, Cutrera R, Del Sorbo L,

et al. Recommendations for anesthesia and perioperative man-
agement of patients with neuromuscular disorders. Minerva
Anestesiol. 2013;79:419-33.

. Islander G. Anesthesia and spinal muscle atrophy. Paediatr

Anaesth. 2013;23:804—-16.

. Bach JR, Sabharwal S. High pulmonary risk scoliosis surgery:

role of noninvasive ventilation and related techniques. J Spinal
Disord Tech. 2005;18:527—30.

. Racca F, Longhitano Y, Wolfler A, Carfagna F, Grattarola C, Serio

P, et al. Perioperative management of children with neuromus-
cular disorders based on a common protocol: a prospective,
national study in Italy. Acta Anaesthesiol Scand. 2021 Oct; 65
(9):1195-204.

Yim R, Kirschner K, Murphy E, Parson J, Winslow C. Successful
pregnancy in a patient with spinal muscular atrophy and severe
kyphoscoliosis. Am J Phys Med Rehabil. 2003;82:222—5.


http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0001
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0001
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0001
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0001
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0001
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0002
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0003
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0003
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0003
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0003
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0003
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0004
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0004
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0004
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0004
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0005
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0005
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0005
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0006
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0006
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0006
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0006
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0007
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0007
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0007
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0007
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0008
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0008
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0008
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0009
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0009
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0009
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0010
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0010
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0010
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0011
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0011
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0011
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0012
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0012
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0012
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0013
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0014
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0014
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0014
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0014
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0014
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0015
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0016
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0016
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0016
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0016
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0016
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0017
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0017
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0017
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0018
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0018
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0018
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0018
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0019
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0020
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0020
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0020
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0020

Pulmonology 30 (2024) 210—213

21.

22.

23.

Allen T, Maguire S. Anaesthetic management of a woman with
autosomal recessive limb-girdle muscular dystrophy for emer-
gency caesarean section. Int J Obstet Anesth. 2007;16(4):370—4.
Kock-Cordeiro DBM, Brusse E, van den Biggelaar RJM, Eggink AJ,
van der Marel CD. Combined spinal-epidural anesthesia with
non-invasive ventilation during cesarean delivery of a woman
with a recent dia gnosis of amyotrophic lateral sclerosis. Int J
Obstet Anesth. 2018;36:108—10.

Yuan N, El-Sayed YY, Ruoss SJ, Riley E, Enns GM, Robinson TE. Suc-
cessful pregnancy and cesarean delivery via noninvasive ventila-
tion in mitochondrial myopathy. J Perinatol. 2009;29(2):166—7.

213

24.

25.

26.

Diaz-Lobato S, Gomez Mendieta MA, Moreno Garcia MS, Mayora-
las-Alises S, Arpa Gutierrez FJ. Two full-term pregnancies in a
patient with mitochondrial myopathy and chronic ventilatory
insufficiency. Respiration. 2005;72(6):654—6.

Knyrim K, Wagner HJ, Bethge N, Keymling M, Vakil N. A con-
trolled trial of an expansile metal stent for palliation of esoph-
ageal obstruction due to inoperable cancer. N Engl J Med.
1993;329:1302-7.

Graham RJ, Athiraman U, Laubach AE, Sethna NF. Anesthesia
and perioperative medical management of children with spinal
muscular atrophy. Pediatr Anesth. 2009;19:1054—63.


http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0021
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0021
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0021
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0021
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0022
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0023
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0023
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0023
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0023
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0024
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0025
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0025
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0025
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0025
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0025
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0026
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0026
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0026
http://refhub.elsevier.com/S2531-0437(23)00041-7/sbref0026

	Peri-Partum respiratory management in neuro-muscular disorders (IT-NEUMA-Pregn study): A proposal by an italian panel and a call for an international collaboration
	Outline placeholder
	Financial support
	Acknowledgement

	References


