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The Effect of Pressure Support on Respiratory Mechanics in CPAP and SIMV
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Woo Sung Kim, M.D., Dong Soon Kim, MD., Won Dong Kim, M.D.,
Pyung Whan Park, M.D.* and Jong Moo Choi, M.D*.

Department of Internal Medicine, Anethesiology®, College of Medicine, University of Ulsan, Seoul, Korea

Background: Pressure support(PS) is becomimg a widely accepted method of mechanical
ventilation either for total unloading or for partial unloading of respiratory muscle. The aim of the
study was to find out if PS exert different effects on respiratory mechanics in synchronized
intermittent mandatory ventilation(SIMV) and continuous positive airway pressure (CPAP) modes.

Methods: 5, 10 and 15 cm H;O of PS were sequentially applied in 14 patients(69 +12 yrs,
M:F=9:5) and respiratory rate (RR), tidal volume(Vr), work of breathing(WOB), pressure time
product(PTP), Py, and Ty/Tror were measured using the CP-100 pulmonary monitor(Bicore, USA)
in SIMV and CPAP modes respectively.

Results:

1) Common effects of PS on respiratory mechanics in both CPAP and SIMV modes

As the level of PS was increased(0, 5, 10, 15 cm H20), V1 was increased in CPAP mode(0.28 +
0.09, 0.29+0.09, 0.31£0.11, 0.3410.12 L, respectively, p=0.001), and also in SIMV mode(0.31 =
0.15, 0.321+0.09, 0.341£0.16, 0.36 +0.15 L, respectively, p=0.0215). WOB was decreased in CPAP
mode(1.40+1.02, 1.01£0.80, 0.80£0.85, 0.68+0.76 joule/L, respectively, p=0.0001),' and in
SIMV mode(0.97 £0.77, 0.76 £0.64, 0.57 £0.55, 0.4910.49 joule/L, respectively, p=0.0001). PTP
was also decreased in CPAP mode(300£216, 217165, 179 x187, 122t 114cm H,O - sec/ min,
respectively, p=0.0001), and in SIMV mode(218 +181, 178 +157, 130147, 108 +129cm HO -
sec/min, respectively, p=0.0017).

2) Different effects of PS on respiratory mechanics in CPAP and SIMV modes
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By application of PS (0, 5, 10, 15 cm H;0), RR was not changed in CPAP mode(27.9+6.7, 30.0
+6.6, 26.1 +9.1, 27.5+5.7/min, respectively, p=0.505), but it was decreased in SIMV mode (27.4
+5.1, 27.8+6.5, 27.616.2, 25.115.4/min, respectively, p=0.0001). Po; was reduced in CPAP
mode(6.2 3.5, 48+2.8, 4.8+3.8 39125 cm H;0, respectively, p=0.0061), but not in SIMV
mode(@.3+2.1, 40+1.8, 3.511.6, 3.5+1.9 cm H,0, respectively, p=0.054). TyTror was decreased
in CPAP mode(0.40+0.05, 0.390.04, 0.37£0.04, 0.35+0.04, respectively, p=0.0004), but not in
SIMV mode(0.40+0.08, 0.3510.07, 0.38+0.10, 0.371+0.10, respectively, p=0.287).

3) Comparison of respiratory mechanics between CPAP+PS and SIMV alone at same tidal
volume.

The tidal volume in CPAP+PS 10 cm H,O was comparable to that of SIMV alone. Under this
condition, the RR(26.1£9.1, 27.4+5.1/min, respectively, p=0.516), WOB(0.80+0.85, 0.97+0.77
joule/L, respectively, p=0.485), Po(3.912.5, 43+2.1 cm H,0, respectively, p=0.481) were not
different between the two methods, but PTP(179+187, 218 £181 cmH;O - sec/min, respectively,
p=0.042) and TyTror(0.3710.04, 0.40+0.08, respectively, p=0.026) were significantly lower in
CPAP+PS than in SIMV alone.

Conclusion: PS up to 15 cm H;O increased tidal volume, decreased work of breathing and
pressure time product in both SIMV and CPAP modes. PS decreased respiration rate in SIMV
mode but not in CPAP mode, while it reduced central respiratory drive(Po.) and shortened duty
cycle (TyTror) in CPAP mode but not in SIMV mode. By 10 cm HzO of PS in CPAP mode, same
tidal volume was obtained as in SIMV mode, and both methods were comparable in respect to RR,
WOB, Py, but CPAP+PS was superior in respect to the efficiency of the respiratory muscle work
(PTP) and duty cycle(TyTror).
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Synchronized intermittent mandatory ventilation
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Table 1. Clinical Characteristics of the Study Subjects

Patient No. Age Sex Underlying disease
1 77 M COPD, Aspiration pneumonia
2 67 M ARDS
3 67 M Panperitonitis
4 77 M COPD, pneumonia
5 53 M Pancreatitis, Aspiration pneumionia
6 77 M Bronchogenic cancer, ARDS
7 79 M Bronchiectasis, Pneumonia
8 67 M Common bile duct cancer, ARDS
9 42 F Epidural hematoma
10 64 F Panperitonitis, Septic pneumonia
11 64 F Panperitonitis, ARDS
12 63 F Intracerebral hemmorrhage
13 86 F Femur fracture, Pulmonary embolism
14 76 F COPD

COPD: chronic obstructive pulmonary disease
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ARDS: adult respiratory distress syndrome
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(p=0.001), WOB-2- 7]4%] 0.97+0.779l14 77} 0.76
+0.64, 0.57+0.55 % 0.49+0.49 joule/LE Z+4=319]
©ow(p=0.0001), PTP 4] 7|#|%] 218 +181ll4] Z}zt
178 +157, 130+147 4 108 +129 cmH;0 - sec/minZ
7H43199ckp=0.0017)(Fig. 1)(Table 2).
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Fig. 1. Effect of PS on tidal volume, work of breathing, and pressure time product

in CPAP and SIMV modes.

Table 2. Common effects of PS on respiratory mechanics in both CPAP and SIMV modes

PS(cmH;0) 0 10 15 p value

VT* CPAP 0.28+0.09 0.29+0.09 0.31+0.10 0.341+0.12 0.002
SIMV 0.311+0.11 0.321+0.09 0.341+0.16 0.36+0.15 0.001

won! CPAP 1.40+1.02 1.01£0.80 0.801+0.85 0.68+0.76 0.0001
SIMV 0.971+0.77 0.76 +0.64 0.574+0.55 0.491+0.49 0.0001

pret CPAP 3004216 217+165 1794187 122+114 0.0001
SIMV 218+181 178 £157 1304147 108+129 0.0017

* tidal volume (L) t work of breathing (joule/L)

% pressure time product (cmH,O - sec/min)
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Fig. 2. Effect of PS on respiration rate in CPAP and

SIMV modes.
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Table 3. Different Effects of PS on Respiratory Mechainics in CPAP vs SIMV Modes

Fig. 3. Effect of PS on Py, in CPAP and SIMV

PS(cmH-0) 0 5 10 15 p value
RR* CPAP 27.9+6.7 30.0+6.6 26.11+9.1 27.5+5.7 0.505
SIMV 27.445.1 27.8+6.5 27.616.2 25.1+54 0.0001
Py CPAP 6.2+35 48128 48+38 39125 0.0061
(cmH0) SIMV 43421 40+1.38 35+x16 35+19 0.054
TyT CPAP 0.401+0.05 0.391+0.04 0.371+0.04 0.3510.04 0.0004
ot SIMV 0.40+0.08 0.3540.07 0.38+0.10 0.371+0.10 0.287

* respiration rate

Table 4. Comparison of Respiratory Mechanics between CPAP+PS and SIMV Alone at Same Vr

CPAP+PS (10cmH:0) SIMV p value
Vi (L) 0.311+0.11 0.311+0.15 0.639
WOB (joule/L) 0.801+0.85 0.97+0.77 0.485
Po1 (cmH,0) 39425 43121 0.481
PTP (cmh:0 - sectmin) 1791187 218+181 0.042
TyTror 0.371+0.04 0.401-0.08 0.026
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Table 5. Comparision of Changes in WOB and Vr on CPAP+PS Mode According to Different Base-

line WOB
Baseline
PS 0 5 10 15 I
WOB (joule/L) p value
WOB 0474012 0374017 0274021 0124007 0.016
<075 Vi @) 0244005 025+008 0284008  0.33+0.08 0.0007
WOB 1064090  134+079 1134094  097+0.83 0.0001
>0.75 Vr L 0304009 0314009 0334012  0.35+0.13 0.0813




Table 6. Comparison of WOB during Spontaneous breathing (WOB-S) and Triggered breathing

(WOB-T) on SIMV+PS Mode

PS(cmH;0) WOB-S(joule/L) WOB-T(joule/L) p value
0 1.04+0.79 0.81+0.75 0.002
5 0.88+0.69 0.64+0.53 0.001
10 0.64 +£0.62 0.45+0.39 0.052
15 0.55+0.61 0.44+0.40 0.315

8.25+2.26, 10.07+2.18 L, p<0.001)0] §-cJslA] =
7s33ek

5. SIMV +PS 2FA|810|AM XHat S &(Spont-
aneous Breathing)2l WOB(WOB-S)
o REHEI|(Triggered Mandatory
Breathing)2] WOB(WOB-T)Q| H|uw

PS 0 cm H,04] WOB-S-& 1.04+0.79, WOB-T-
0.81+0.75(p=0.002), PS 5 cm H,Ooll4] 77} 0.88+
0.69, 0.64+0.53(p=0.001), PS 10 cm H,Ool]A] z+z}
0.74+0.62, 0.4540.39(p=0.052), PS 15 cm H,Ooll4]
Zt7t 0.5540.62, 0.44+0.40 joule/L(p=0.315) ¢Jc}
(Fig. 6)(Table 6).
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