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Abstract

High frequency percussive ventilation (HFPV) is a recent ventilatory mode, which combines conventional cycles with high frequency
percussions.

HFPV was initially instituted as salvage therapy after acute respiratory failure following smoke inhalation injury achieving in each case
a dramatic improvement of blood oxygenation, Pa@@d ventilatory pressures.

This study investigates the influence of HFPV on hesmodynamics, blood oxygenation and ventilatory parameters in eight stable ICU
burn patients requiring artificial ventilatory support during a postoperative period following traumatic injury.

Periods of 2 h were analysed receiving conventional ventilation and HFPV with a high frequency of 400 and 800 cycles/min.

Hemodynamic data were not significantly modified; peak inspiratory pressure was significantly lower under HFPV but mean air-
way pressure was unchanged. Blood oxygenation ang éi®ination were significantly improved under HFPV. No side effects were
noted.

These observations suggest that HFPV could improve pulmonary gas exchanges under lower peak pressures and without hemodynamic
compromise. HFPV could represent an interesting alternative open lung strategy method to improve alveolar recruitment.
© 2003 Elsevier Ltd and ISBI. All rights reserved.
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1. Introduction Inhalation injury represents a major complication for ther-
mally injured patients which increases morbidity and mor-
Current treatment modalities for respiratory failure in- tality of burned patients: inhalation injury predisposes to the
clude conventional artificial ventilation (volume cycled development of bacterial pneumonias in 8.8—-86% of all pa-
positive pressure ventilators) associated with supplementedtients and is also responsible for progressive respiratory in-
oxygen, tracheobronchial toilet and antimicrobial therapy. sufficiency leading to acute respiratory failUBe-5]. Cioffi
Unfortunately conventional ventilatory support fails in some et al. describe in 1989 the use of HFPV as rescue ventilatory
cases, after smoke inhalation or severe organ dysfunctionmode in patients with acute respiratory distress syndrome
after extensive burns for example, leading to excessive ven-(ARDS) following inhalation injury{3].
tilatory pressures (and barotrauma), lack of elimination of ~ The purpose of this study is to compare the effect of high
carbon dioxide or impaired blood oxygenatifid. frequency percussive ventilation on gas exchange, ventila-
An interesting alternative to the current ventilatory sup- tory parameters and hemodynamics in a stable population of
port methods is the high frequency percussive ventilation burn patients admitted in ICU for postoperative ventilation
(HFPV) which is a recent form of high frequency ventila- after surgical reconstructive procedures.
tion administered by a volumetric diffusive respirator (VDR)
developed by Forest M. Birf2].
This technique is the latest in high frequency ventilation 2. Materials and methods
and combines some advantages of high frequency with oth-

ers of conventional support. Eight burn patients (five men, three women; four smokers;

three patients with medical history of pulmonary disease)
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were involved in the present study. Mean age was40.7 transducer) for the two ventilatory modes; the flow trans-
years. ducer was inserted between the Y piece of the ventilator
Maintenance fluids were administered at 25 ml/kg per day; circuit and the proximal end of the endotracheal tube.
colloids were started if necessary to maintain adequate filing  The conventional ventilator was set in volume controlled
pressures and packed red cells were given to restore bloodnode delivered through square flow wave flow profile with

volume and to maintain hematocrit above 25%. Vt, respiratory rate (RR), Fig) inspiratory flow and respira-
Midazolam (0.1 mg/kg per h) and sufentanyl (f.d/kg tory time as previously selected by the attending physician.

per h) infusions were used for sedation. Initial HFPV settings were adjusted to obtain the same mea-
Antibiotic coverage was instituted when indicated for pro- sured tidal volumes and PEEP values than under CV; HFPV

phylaxis before surgery. settings were then adapted following blood gas results.

Hemodynamic variables were assessed through Swan-
Ganz catheters (Arrows 7F) and arterial lines in all patients:
PWP, CVP, HR, mPAP were systematically measured. Car-3 Resylts
diac output (CO) was determined by the thermodilution

method. . _ _ Patients’ characteristics are listedTiable 1
All the patients were hemodynamically stable with no A statistically significant increase of the PaGand
need for vasoactive support; postoperative body temperaturep, g /Fio, ratio was observed during the HFPV periods
was also stable (37 +2°C). _ (Fig. 1). Concomitantly a significant decrease of PaCO
All patients required artificial ventilatory support for sur- \ya< 3150 notedFig. 2): the conventional cycles of HFPV
gical technical reasons or analgesia after surgical elective,yqre adapted and conventional cycles frequency of HFPV
procedures. Conventional ventilation (CV) was instituted us- periods had to be significantly reduced to prevent severe
ing a Drager Evita 2 with a I:E ratio 1:2. Normocapnia (less hypocarbia and respiratory alcalosdg| 3).
than 42 mmHg) and arterial Gsaturation greater than 85% The PaQ increase and the PaG@ecrease were influ-

were mginta}ined. All patients were_stable formore than 12h gnceqd by the high frequency percussions rate: 900 cycles/
with an inspired oxygen concentration lower than 40% under in induce a statistically significant for Pa@crease.

conventional ventilatory mode before the test. FIOEEP, No statistical significance was noted between the CV and
PaCQ and PaQ@ were compared for 2 h periods under CV, pepy periods for hemodynamics.

during and after HFPV, under CV again; for each period  yjentilatory pressures were also significantly influenced
four determinations were averaged to obtain representatlveby the use of HFPV: PIP was lower under HFPMd, 4)
values for hemodynamics, ventilation and pulmonary gas \yith no effect on mean airway pressure.

exchange. _ Reduction of PIP was also influenced by the percussions
Blood gas analysis corrected for temperature and calcula-cydes rates.

tion of hemoglobin saturation was performed on an ABL300 ~ pEEP |evels were not significantly different before and

(Radiometer—Copenhagen). after starting HFPV (& 1.2cm HO under CV and 8 +

Group data are expressed as median and range. Statistiy  cm H,0 under HFPV 600)-Fig. 5). Intrinsic PEEP was
cal analysis was performed to assess differences betweeny s ot significantly different under HFPV and CV.

treatment periods (S'tudent%est and Wilcoxon signed rank No side effects (particularly barotrauma) were noted:
test). HFPV was delivered by a high frequency pulse gener- hemodynamic tolerance remained excellent in all patients
ator (Bird Space Technologies, Percussionaire Corporation, ;nqer percussive ventilation.

Sand Point, ID). Gas from a pulse generator is administered A thorax drain had to be placed in one patient for surgi-

through a non-gated venturi connected to an endotracheal,| reasons during conventional ventilation; the lung status
tube; the venturi entrains humidified gas from the ventilator. o mained unchanged under HFPV.

The system combines high frequency volume breaths with Comparison of the different measures before and after

a variable I'E ratio; periodically the flow is interrupted t0  he yse of HFPV ventilation shows no significant difference
return to baseline CPAP.

The ratio between percussive phase and baseline CPAPgpe 1
is adjusted following the results of blood oxygenation and Population, distribution and characteristics
CO, elimination. Peak airway pressure can be adjusted and

) . 7 Patient no. Age (years) Sex Trauma Surgery
also influence minute ventilation and g@vel. Frequency . _
of HFPV periods was 600 and 900 cycles/min; Fi@as L 53 F Explosion Orthopedic

e . . 2 57 M Burn + trauma Vascular
not modified and @ saturation remained greater than 85%. 3 27 M Burn Graft
Full humidification was performed f[hrqu_gh the vgntila— 4 48 M Burn Graft
tor system to prevent tracheo-bronchial injury. Ventilatory 5 33 F Burn Graft
parameters were measured with a respirator-independené 32 M Burn+ trauma  Orthopedic
monitoring device (Bicore Monitoring Systems, Irvine, 40 M Explosion Orthopedic
38 F Burn Graft

California—using a flow transducer and an oesophageal
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Fig. 1. Pa@ evolution (values are expressed as means and standard deviation).
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Fig. 2. PaCQ evolution (values are expressed as means and standard deviation).



606

20

P. Reper et al./Burns 29 (2003) 603-608

p <0.001

18

16

14 1

12

10

conventional cycles / min

BECV
HFPV600
B HFPVS00
BECV

45

2 Hours periods

p <0.001

40

35 1

30

25 A

cm H20

20 A

Fig. 3. Conventional frequency of ventilatory cycles (CVF) evolution (values are expressed as means and standard deviation).

ECcv
HFPV600
B HFPV900
BECV

7 i
o T i i
o / /?//’¢;/’9 :
-
/ /4/ /%//7/////5/ 3E-: i 2
/// o C{///% . -e-a-w 3
, 7/; i
,/:/ s
%/ : -
i i

2 Hours periods

between these two periods under conventional ventilation 4. Discussion
for blood gas results, ventilatory parameters and hemody-

namics: patients were stable and remained stable after per- Current strategies for the ventilatory management of crit-

cussive ventilation periods. ically ill patients propose limiting peak alveolar pressures to

Fig. 4. Peak inspiratory pressure (PIP) evolution (values expressed as means and standard deviation).
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Fig. 5. PEEP evolution (values are expressed as means and standard deviation).

levels suggested as safe while optimizing alveolar recruit- High frequency percussive ventilation is a recent form of
ment[6]. The use of low tidal volumes and relatively high high frequency ventilation administered by a VIPR3].
PEEP levels has been therefore suggested; supra-normal val- This technique is the latest in high frequency ventilation
ues of PaC@ must be tolerated and high PEEP should pre- and combines some advantages of high frequency ventilation
vent loss of lung volumes and compliance due to atelectasiswith others of conventional support: conventional cycles are
achieving better alveolar recruitment in ventilated patients combined with high frequency percussions.
and particularly in ARDS patienfd]. These superimposed high frequency cycles could repre-
The lung protective strategy has been proposed to improvesent an interesting form of lung opening maneuver leading
the outcome of these patients but high PEEP levels mayto a better alveolar recruitment.
also impair cardiac function, decrease renal perfusion and Cioffi et al. describe in 1989 the use of this ventilatory
increase risk of barotraunj@a—11]. method as rescue ventilatory mode in burn patients with
Lung opening maneuvers such as sighs or deep breathsARDS following inhalation injury[3].
are known to improve compliance and oxygenation in  Cioffi and coworkers also report a 20-40% increase in
anesthetized or ARDS patients and represent an interestindourn population mortality in presence of inhalation. Smoke
alternative to the use of high PEEP to increase alveolarinhalation injury explain the high incidence of distal atelec-
recruitment. ARDS and acute lung injury have been charac- tasis and pulmonary infections (8.8—60%) in burn people
terized by a tendency to alveoli and small airways collapse and the development of hypoxemia and hypercarbia with al-
[12,13] teration of the ventilation/perfusion ratio, like seen in acute
Many experimental and clinical studies have shown that respiratory failure of other origifi3—5]. The goals of the
techniques using the open lung approach with the aim of ventilatory support of acute lung injury would ideally supply
keeping a maximum of respiratory tissues open and avail- the pathologic changes encountered with minimal superim-
able for ventilation could markedly improve gas exchanges posed side effects.
[13,14] Conventional ventilation with volume cycled positive
Alveolar recruitment is now considered as one of the im- pressure ventilators does not always seem to be the best
portant elements which conditions gas exchanges in patientssolution for this purpose: clearance of lung secretions is not
with acute lung injury{15]. enhanced and the tendency to atelectasis formation leading
Foti et al. recently showed that volume recruitment ma- to lower compliance, gas exchanges disturbances and arterial
neuvers could improve pulmonary gas exchanges signifi- hypoxemia remains difficult to counterbalandg—19] In
cantly without impairing cardiac functiofi6]. our study HFPV induces more efficient gas exchanges with
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lower peak airway pressures, no circulatory interference and [3] Cioffi W, Graves T, Mc Manus W, Pruitt B. High frequency
allows to maintain a superimposed continuously varying percussive ventilation in patients with inhalation injury. J Trauma
positive endotracheal pressure throughout the respiratory _ 1989:29(3):350-4.

ircle. HEPV Id t h of th [4] Shirani KZ, Pruitt Jr BA, Mason Jr AD. The influence of inhalation
circle. could represent a new approach o € open injury and pneumonia on burn mortality. Ann Surg 1985;205:

lung concept and could allow to limit peak alveolar pres- 82_7.

sures to safe levels while enhancing alveolar recruitment.  [5] Cioffi W, Rue L, Graves T, Mc Manus W, Mason A, Pruitt B.
All these factors are beneficial for the ventilatory support Prophylactic use of high frequency percussive ventilation in patients

of patients with acute respiratory failufg0—13,19,20] with inhalation injury. Ann Surg 1991;213(6):575-80.

. . [6] Lachmann B. Open up the lung and keep the lung open. Intensive
The study of Carlon et a[21] confirms the benefits of Care Med 1992:18(6):319-21.

HFPV versus conventional ventilation in 309 randomized (7] amato MB, Barbas CS, Medeiros DM, de Schettino P, Lorenzi Filho

patients with ARDS but without influence on mortality. G, Kairalla RA, et al. Beneficial effects of the “open lung approach”
Cioffi et al. describe an improvement in survival rate and with low distending pressures in acute respiratory distress syndrome.

decrease in the incidence of pneumonia in burned patients A prospective randomized study on mechanical ventilation. Am J

. . . Respir Crit Care Med 1995;152(6 (Part 1)):1835-46.
treated with prophylactic use of HFPV after smoke inhala- [8] Gattinoni L, D'Andrea L, Pelosi P, Vitale G, Pesenti A, Fumagalli R.

tion injury [5]. Regional effects and mechanism of positive end-expiratory pressure
Our study confirms the ability of high frequency percus- in early adult respiratory distress syndrome. J Am Med Assoc

sive ventilation to improve gas exchanges in stable ICU burn 1993;269(16):2122~7. _

patients under conventional ventilation, under lower venti- [9] Suter PM, Fairley HB, Isenberg MD. Effect of tidal volume and

latorv pressures. without side effects and hemodvnamic in- posmve‘_ end-expiratory pressure on compliance during mechanical

Yy pressures, _ an odynami ventilation. Chest 1978;73(2):158-62.

terference in this stable population. Limits of this technique [10] cereda M, Foti G, Musch G, Sparacino ME, Pesenti A. Positive

is related to the poor monitoring capacities which necessi- end-expiratory pressure prevents the loss of respiratory compliance

tate the use of complementary external measure device of  during low tidal volume ventilation in acute lung injury patients.

ventilatory parameters and end tidal £0 Chest 1996;109(2):480-5.

T lude. hiah f . tilati [11] Petty TL. The use, abuse, and mystique of positive end-expiratory
0 concluae, high frequency percussive ventilation rep- pressure. Am Rev Respir Dis 1988:138(2):475-8.

resents an imereStin_g altemative approac.h to prov_ide venti-[12] Eghbert LD, Laver MB, Bendixen HH. Intermittent deep breaths and
latory support to patients with acute respiratory failure not compliance during anesthseia in man. Anesthesiology 1963;24:57—
sufficiently responding to conventional ventilation. Com- 60. . _ _ o
bination of high frequency positive pressure cycles could [13] Pelosi P, Cadringher P, Bottino N, Panigada M, Carrieri F, Riva E,

. . et al. Sigh in acute respiratory distress syndrome. Am J Respir Crit
propose another lung opening method leading to better o vcq 1999:159(3):872-80.

alveolar recruitment, better gas exchanges and better lungu4) Broccard AF, Hotchkiss JR, Suzuki S, Olson D, Marini JJ. Effects
compliance. Further investigations are necessary to deter- of mean airway pressure and tidal excursion on lung injury induced
mine whether percussive ventilation can really open previ- by mechanical ventilation in an isolated perfused rabbit lung model.
ously closed airspaces or distends already open units. Op-___ Crit Care Med 1999;27(8):1533-41.

timal f f . h d infl the[15] Santos C, Ferrer M, Roca J, Torres A, Hernandez C, Rodriguez-
Imal frequency O percussions phases and Infiuence on Roisin R. Pulmonary gas exchange response to oxygen breathing

other forms of ventilator induced lesions like barotrauma or in acute lung injury. Am J Respir Crit Care Med 2000;161(1):26—
surfactant production impairment must also be determined. 31.

More clinical data are required to determine if HFPV [16] Foti G, Cereda M, Sparacino ME, De Marchi L, Villa F,
represents a hopeful alternative for lung protective strategy =~ Fesenti A. Effects of periodic recruitment maneuvers on gas

. NN . exchange and respiratory mechanics in mechanically ventilated acute
and could reduce mortality and morbidity in the critically respiratory distress syndrome (ARDS) patients. Intensive Care Med

ill populations with acute respiratory failure specially after 2000:26:501—7.

smoke inhalation and burn injuries. [17] Muscedere JG, Mullen JB, Gan K, Slutsky AS. Tidal ventilation at
low airway pressures can augment lung injury. Am J Respir Crit
Care Med 1994;149(5):1327-34.
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