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Background Paradoxical respiration is a sinister consequence of bony chest cage
defects which can persist even post chest wall reconstruction. It leads to prolonged
dependence on mechanical ventilation postoperatively, thereby delaying recovery.
Methods Negative pressure wound therapy (NPWT) was applied in early postoperative
period to a patient with chest wall defect reconstructed with folded prolene mesh
and free anterolateral thigh flap. Arterial blood gas (ABG), fraction of inspired oxygen
(FiO,), peak end expiratory pressure (PEEP), oxygen saturation (SpO,), and blood pres-
sure (BP) readings pre and post NPWT application were compared.

Results There was marked improvement in the breathing mechanics and related
parameters post NPWT application over the flap.

Conclusions Negative extrathoracic pressure in the form of a temporary splint can
enable early weaning off the ventilator and a smoother postoperative recovery in
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Introduction

Full-thickness chest wall defects allure a plastic surgeon
for covering the underlying vital organs to maintain a
satisfactory cardiopulmonary function and respiratory
mechanics. The choice of reconstruction depends on sur-
geon’s preference and experience, cost and availability of
prosthesis, morbidity, and future prognosis. Paradoxical
respiration is a sequel of loss of chest wall rigidity in
the resected area which gives rise to impaired breathing
mechanics and hemodynamic instability. Application
of negative pressure wound therapy (NPWT) to a semi-
rigid reconstruction with paradoxical movement can act
as a bridge to recovery by improving altered breathing
mechanics and its sequelae.
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Case Report

A 38-year-old man presented with a 21 cm x 22 cm x 26 cm
chondrosarcoma involving the right second to fifth ribs with
extension into the anterior chest wall (=Fig. 1). There was
mild compressive atelectasis also. Wide local excision of the
lesion led to a 24 cm x 21 cm anterior chest wall defect with
four missing ribs from the anterior axillary line to the mid-
line and exposed cardiopulmonary structures.

Rib cage was reconstructed using a double-folded poly-
propylene mesh anchored using No. 1 prolene passed
through holes drilled in the ribs (=Fig. 2). Soft tissue was
reconstructed using free anterolateral thigh flap (ALT). Nipple
areola complex (NAC) was harvested as a free graft from the
excised specimen and secured to the flap with a bolster
dressing (=Fig. 3). Patient was shifted to the intensive care
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Fig. 1 Chest wall tumor—anteroposterior view.

Fig. 3 Post flap inset and nipple areola complex (NAC) reconstruc-
tion with free NAC graft.

unit (ICU) with an endotracheal tube and 0.05 pg/kg/min
noradrenaline because of intraoperative hemodynamic
instability. Injection vasopressin was added on postoper-
ative day 2 as hemodynamic instability worsened during
attempts at spontaneous breathing. Spontaneous breath-
ing trials (SBT) and weaning from ventilator support were
unsuccessful. On postoperative day (POD) 1, pneumothorax
was detected beneath the flap for which a chest tube was
inserted (=Fig. 4). Echocardiogram revealed normal left
ventricular ejection fraction. Antibiotics were escalated on

Indian Journal of Plastic Surgery Vol. 54 No. 2/2021

Fig. 2 Rib cage reconstruction with prolene mesh.

Fig. 4 Chest X-ray on postoperative (POD) 1 showing minimal pneu-
mothorax under the flap.

Fig. 5 Negative pressure wound therapy applied to chest.

day 2 but blood culture came negative and patient remained
afebrile.

On POD 5, after relevant literature search, a vacuum dress-
ing was applied over the flap using a polyurethane sponge
and film at -125 mm Hg' (~Fig. 5). The sponge extended
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2 cm beyond the bony defect to avoid direct inward pressure.
Consistent improvement was noticed in breathing mechanics
over the next 3 days evidenced by reduced requirement of
positive end expiratory pressure (PEEP) and better tolerance
of SBT and pressure support ventilation (PSV) (»~Table 1). The
patient was extubated on POD 8, transitioned to high-flow
nasal cannula, and shifted out of ICU on POD 10. Upon
removal of vacuum dressing, the flap, suture line, and free
NAC graft were healthy. The patient was discharged with
NPWT and satisfactory lung expansion on POD 11 (~Fig. 6).
On POD 15, NPWT was stopped and he had minimal residual
paradoxical breathing, with no discomfort in breathing.

Fig. 6 Chest X-ray on discharge showing satisfactory lung expansion.

Discussion

Chest wall defects >5 cm or involving >4 ribs demand recon-
struction to avoid organ herniation and respiratory paradox.
Reconstruction methods include synthetic, biological, or com-
posite mesh; titanium plates or mesh; silicon tubes; bone
cement; allografts; or prefabricated implants.? Function of
the chest wall is not limited to static support and protection,

rather it plays a pivotal role in the mechanics of respiration.
Comparatively, a double-folded prolene mesh lacks initial
stability but subsequently attains rigidity by the process of
fibrous ingrowth of surrounding tissue. Methods like sandwich
technique with polymethyl methacrylate (PMMA) cement
between two layers of prolene mesh can convert a semirigid
mesh reconstruction into rigid but authors avoid this technique
due to complications like exothermic reaction, skin burn, pain,
fracture, infection, and metabolic acidosis.>*> Among patients
with prolonged incapability to attain satisfactory breathing
mechanics during immediate postoperative period, a tempo-
rary external support can assist liberation from ventilation.

We also analyzed the possible causes for persistent vaso-
pressor requirement like systemic inflammatory response
syndrome (SIRS), septic shock, and cardiogenic shock. SIRS
was unlikely as the requirement continued even on the fifth
postoperative day. Septic shock was ruled out as there was
no obvious source, blood cultures were negative, patient
remained afebrile, and shock persisted even after escalation of
antibiotic. Normal contractile function of heart on echocardio-
gram ruled out cardiogenic shock. There was temporal associ-
ation between application of NPWT and resolution of shock.

Over the first four postoperative days, the patient could
not tolerate attempts at weaning because of paradoxical
movement of flap and desaturation. Even though he tolerated
support ventilation with higher pressure support (PS) levels,
attempts at reduction of PS led to episodes of desaturation;
hence, intermittent controlled ventilation was continued.
After application of NPWT, the patient could tolerate lower
pressure support levels.

During spontaneous breathing, transpulmonary pressure
difference (P,,), that is, the difference between alveolar pres-
sure (P,) and intrapleural pressure (Ppl), drives the flow of
air from airway to alveoli. This requires contraction of dia-
phragm and muscles in the chest wall to create negative P,
In this case, during inspiration when the patient is breathing
spontaneously on lesser pressure support levels, ability of
the right hemithorax to generate negative P is much lesser
than the left hemithorax because of chest wall defect cov-
ered by semirigid flap which moves inwards during inspira-
tion. This difference in P between two hemithoraces causes
movement of air from right to left lung. During expiration,
passive recoil of normal left chest wall is more efficient com-
pared with right side, causing the movement of air from left
lung to right lung, leading to ineffective ventilation and gas
exchange abnormalities (~Fig. 7).

Table 1 Postoperative mode of ventilation and trend of oxygenation

(poor tolerance to PSV)

POD 1 2 3 4 5 (VAC applied) 6 7 8

FiO, 0.4 0.4 0.6 0.4 0.4 0.4 0.4 0.4
PEEP(cmH,0) 5 5 12 10 6 5 5 Extubated to
Pa0 (mm Hg) 86.4 | 69.0 | 701 | 942 | 637 58.6 veg: | HFNC

Mode of ventilation VeV PSV PSV PSV

(intermittent)

(intermittent)

Abbreviations: FiO,, fraction of inspired oxygen; HFNC, high flow nasal cannula; PaO,, arterial partial pressure of oxygen; PEEP, positive end expiartory
pressure; PSV, pressure support ventilation; VBG, venous blood gas analysis; VCV, volume-controlled ventilation.

°Pa0, cannot be assessed.
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REDUCED RIGHT LUNG EXPANSION DUE TO INWARD
MOVEMENT OF FLAP

NORMAL INSPIRATION WITH EQUAL
EXPANSION OF BOTH THE LUNGS

Fig. 7 lllustration showing the altered breathing mechanics in the
patient postoperatively.

The fundamental equation of mechanical ventilation is
P_.=P_+P, whereP_ is the pressure required to over-
come the resistance (P ) and elastance (P,) of lung using
chest wall and diaphragm muscular function. Even a normal
lung has a tendency to collapse inwards because of its natu-
ral elastance, which is resisted by surfactant and a negative
intrapleural pressure generated by P ,which needs an intact
chest wall to generate it. Loss of significant portion of chest
wall can lead to generation of less than adequate P_  which
can be insufficient to overcome the natural elastance (P,) of
lung even if the lung is healthy. This may have led to atelecta-
sis of segment of lung underlying the flail flap. Application of
NPWT to the flail flap could have contributed to temporary
stabilization of right chest wall. The possible need of trache-
ostomy was also averted, unlike previous reports.!

NPWT acted as an interim external splint till fibrosis
sets in. Although mature fibrous tissue formation takes lon-
ger than 15 days, NPWT would have aided the recovery by
reducing atelectasis and mediastinal swing, cumulatively
resulting in improved mechanics of breathing. The effect of
NPWT on the flap microcirculation cannot be asserted by this
report and it is still controversial.” There have been studies
that prove no negative impact of NPWT on microcirculation
of flaps but rather show a positive impact of NPWT on flap
edema and venous outflow; but these studies have suggested
lack of sufficient evidence.®*!°!' International consensus
dictates use of NPWT on free flaps with at lower negative
pressures from -75 to -~100 mm Hg and using implantable
Doppler probes for monitoring.® In this case no vascular com-
plications were observed in the free tissue transferred. Hence
the authors would like to reiterate the fact that using NPWT
on a free flap should not be ruled out completely in lieu of
probable vascular compromise.

Conclusion

External negative pressure splint could be considered as an
early postoperative tool in patients with extensive chest wall
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reconstruction with semirigid techniques and postoperative
paradoxical chest wall movement resulting in difficult wean-
ing. It can decrease the need for elaborate hardware recon-
struction and related complications by assisting recovery.
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