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Effect of Hypothermia on the Prevention of Ventilator-Induced
Lung Injury in Rats

Chae-Man Lim, M.D., Sang-Bum Hong, M.D., Younsuck Koh, MD.,
Tae Sun Shim, M.D., Sang Do Lee, M.D., Woo Sung Kim, M.D.,
Dong-Soon Kim, M.D., Won Dong Kim, M.D.

Division of Respiratory and Critical Care Medicine, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Backgrounds : Because ventilator-induced lung injury is partly dependent on the intensity of vascular flow,
we hypothesized that hypothermia may attenuate the degree of such an injury through a reduced cardiac out-
put.

Methods : Twenty-seven male Sprague-Dawley rats were randomly assigned to normothermia (37+£17C)-in-
jurious ventilation (NT-V) group {(n=10), hypothermia (27 +1°C)-injurious ventilation (HT-V) group (n=
10), or nonventilated control group (n=7). The two thermal groups were subjécted to injurious mechanical
ventilation for 20 min with peak airway pressure 30 cm H,0O at zero positive end-expiratory pressure, which
was translated to tidal volume 54 +:6 ml in the NT-V group and 53 +4 ml in the HT-V group (p>>0.05).
Results ; Pressure-volume (P-V) curve after the injurious ventilation was almost identical to the baseline P-V
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curve in the HT-V group, whereas it was shifted rightward in the NT-V group. On gross inspection, the lungs
of the HT-V group appeared smaller in size, and showed less hemorrhage especially at the dependent regions,
than the lungs of the NT-V group. [Wet lung weight (g)/body weight (kg)] (1.6+0.1 vs 24+1.2 ; p=0.014)
and [wet lung weight/dry lung weight] (5.0+0.1 vs 6.1+£0.8 ; p=0.046) of the HT-V group were both lower
than those of the NT-V group, while not different from those of the control group(1.4+04, 4.8+04,
respectively). Protein concentration of the BAL fluid of the HT-V group was lower than that of the NT-V
group(1,374 +726 ug/ml vs 3,471 +1,985 ug/ml; p=0.003). Lactic dehydrogenase level of the BAL fluid of the
HT-V group was lower than that of the NT-V group (0.18+0.10 unit/mi vs 0.43 £0.22 unit/ml; p=0.046).
Conclusions : Hypothermia attenuated pulmonary hemorrhage, permeability pulmonary edema, and alveolar
cellular injuries associated with injurious mechanical ventilation, and preserved normal P-V characteristics of
the lung 1n rats. (Tuberculosis and Respiratory Diseases 2001, 50 : 540-548)

Key words : Ventilator-induced lung injury, Hypothermia, Cardiac output, Pressure-volume curve, Alveolar
hemorrhage, Permeability edema, Bronchalveolar lavage fluid.
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Fig. 1. Gross appearance of the lungs of a non-ven-
tilated control rat (left), a normothermic rat
after 20 min of injurious ventilation (mid-
dle), and a hypothermic rat after 20 min of
injurious ventilation (right). Note that the
lung of the normothermic rat is bigger due
to apparent edema, than the lungs of the con-
trol or hypothermic rats. The hemorrhage/
congestion of the dependent lung regions are
less severe in the hypothermic rat than in
the normothermic rat.
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Fig. 2. Wet lung weight (g)/body weight (kg) (WW/BW) ratio and wet lung weight/dry lung

weight (WW/DW) ratio of the control, normothermic and hypothermic groups.

*p<0.05

vs. control group, #p<0.05 vs. normothermia group.
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Fig. 4. LDH (lactate dehydrogenase) level in
BAL fluid of the control, normothermic
and hypothermic groups. *p<0.05 vs.
control group, #p<0.05 vs. normother-
mia group.
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Fig. 5. Pressure-volume curve of the normothermic (triangle) and hypothermic (circle) groups
before (open) and after 20 min of injurious ventilation (closed). Note that the static
pressures of the respiratory system of the hypothermic group are lower at all the vol-
umes than those of the normothermia group.

I &
AAL2 AYrix Aeletd a3, & A 3,
T3 A € A EREAY 94 T2 SHE
A5t o el AR wf Ao B AT AHe
0.8 fEEe AMUF At )/ adesd 2
& A & eAE A Raolr)

£ A FAnjo)A] ARl Ao vlg] o
B AR 4 WIdeey Axs A 94,
AL WA 2059 Fe A B
Tt Ho FE 28 2 $¥o] YASEH v
AR L WMAENAE olejdt o] Wit
Mead 52 ARDS Al @Al #AaEe o &
i} 229 (hyaline membrane)o] 7)A 371 A}
Ao AN Fedg& Hgos F4T v il o]F
o]Folxl @ A4 AAEL dx o] 7K
Aesate] Fad &A1Y HaHok. 2 d3e
% T 2 A £ Aot T2 FHERGH o
2 Ul Fo] A& slol|A 9] AAFHF(AES) At
7} ol & 2ol THAGE Ao w FA.

E A4 A AH&e] WW/BWH], WW/

rlo
A

i
o\

DWr] g 7| ZA | EA R sk Aak= QA
T TR vla) 25 ol AL sloA G
Bz o] AT s & AT B4
Fapdo] FriE] Qe 7IAIRY] & ¥ At F
7he AR G948 A 2M9E 89os &
22 up . AR Lo Aol vlE] AwE
(Wl ERe) o) 21 RAIEThY d9eio]
Ao a2 ol2)dt ofugt g]lo] A 2AIRT} A
& Acw Aggnh 7)E 7N BoTEdsehv
A9 WAow HA4, B =4 EFHE T4A
714 771 ddesde] $EiEg Y RAEBe o
H3 $A4& ekt

A7) -5l OE & rde dxaAEs
(alveolar corner vessel)2] Z¥elt(transmural
pressure, Ptm) Ak3o2 ol WX #iiA] d9]
b A AbE9]EA (elastic interdependence)'®el| &
3 A7l dAdolth. o o] UA S A Ptm
¢} Z7h= Poisseuille H&o] wiet HA] H 52
ojEolty!. wepA AuEdge] dAA FasHe
AR &splA o A FRtElE Ptm Sk 3
A A BT} W Zlog Alg¥h

HE o

-~ 545 —



- C. M. Lim, et al —

lBAAZAHAA A LDHE AZH AEE4E
el AEe AALTlN G eur dop
AL sh3i7t Adeks A% & 5 A9 7
9@ AEA 13 AT LS £40) Frejd
Aol YA Ya® & A7} 7 ARk 2] o)
S T 1A B4 AE shlvh BREGE 2
Age) oF 3 2 AEH AE Fgol A9 B
el o2 %o} HEAF LDH ol= A%
HINE 7)o} Aol veaie Ao Arw.
_3_:5_‘.7]7;]] ?_}‘-E_%} __g_x-l_TLA o —'l}x‘]ﬂ./}_)\]-}\] ﬁ}g} Ff_]-/\é
4 54 FANE 588 Suolth AHLoy
A e gashs fo] deld ot &
AT AALTE 7144} Blmsled Aol7} gl
gonz Flesel sFIAVY dak W)
= A Y. B9 A5 e
Quapete AT Auct A &
Sieh. AR LA thAtE Asta Fodol deeke
2ol Yol FAYLLEY 7 5 3
o} B AT F 2 7 Aol AXALEL 4]
o2 AN 4 9 JERTt WA 27 dge] A
ALzAE $7198 Tl2ag Fohs Atk
AL G5 wu}. E, B eze Fgo| s}
BhEge B 9 Wil oF 50 ml/keiH 3
& no1% ) AEHA 12 A 22 B oh]
NAR AR 288 AR,
£ AgeA 71BN Rl 0BT S A
T 2 IR Aol QT ols AN Fe
122 W s AR A el AT
@30l i) g 712 w0 Dk 22
TP, AAee ¥F 5FTE YaAIT 5T
WIAE B8 S oot ey i 8 ol
£ 500 deld o] A By5 2 95y W
$ol BRASE PA mde) 74Uy 713
o Blls BAA YA BTR AAF e B
AT F B AL 7 By AREe) AFEe 3}
o Hel Fglor} AAl Lol W71 Ty 27}
g ggdoz HPEAE 2 5 galn.

> U

o

1. Slutsky AS. Consensus conference on mechanical
ventilation. Intensive Care Med 1994;20:64-79.

2. Gattinoni L ; Pelosi P ; Crotti S ; Valenza F. Ef-
fects of positive end-expiratory pressure on re-
gional distribution of tidal volume and recruit-
ment in adult respiratory distress syndrome. Am
J Respir Crit Care Med 1995;151:1807-14.

3. Tremblay L, Valenza F, Ribeiro SP, Li J, Slutsky
AS. Injrious ventilatory strategies increase
cytokines and ¢—fos m-RNA expression in an iso-
lated rat lung model. J Clin Invest 1997;99:944-
52.

4, Slutsky AS, and Tremblay LN. Multiple system
organ failure ; Is mechancial ventilation a contrib-
uting factor? Am J Respir Crit Care Med 1998;
157:1721-5.

5. Dreyfuss D, Saumon G. Ventilator-induced lung
injury. Am J Respir Crit Care Med 1998;157:
294-323.

6. Gattinoni L, Bombino M, Pelosi P, Lissoni A,
Pesenti A, Fumagalli R, et al. Lung structure
and function in different stages of severe adult
respiratory distress syndrome. JAMA 1994;271:
1772-9.

7. Puybasset 1, Cluzel P, Chao N, Slutsky AS,
Coriat P, Rouby JJ. A computed tomography
scan assessment of regional lung volume in acute
lung njury. The CT Scan ARDS Study Group.
Am J Respir Crit Care Med 1998;158:1644-55.

— 546 —



- Effect of hypothermia on the prevention of ventilator-induced lung injury in rats —

8. Broccard A, Shapiro RS, Schmitz LL, Adams
AB, Nahum A, Marini JJ. Prone positioning at-
tenuates and redistributes ventilator-induced
lung injury in dogs. Crit Care Med 2000;28:295-
303.

9. Hasinoff I, Ducas J, Prewitt RM. Increased cardi-
ac output increases lung water In canine
permeability pulmonary edema. J Crit Care
1988;3:225-31.

10. Dreyfuss D, Saumon G. Role of tidal volume,
FRC, and end-inspiratory volume in the develop-
ment of pulmonary edema following mechanical
ventilation. Am Rev Respir Dis 1993;148:1194~
1203.

11. Broccard AF, Hotchkiss JR, Kuwayama N,
Olson DA, Jamal S, Wangensteen DO, et al. Con-
sequences of vascular flow on lung injury induced
by mechanical ventilation. Am J Respir Crit Care
Med 1998;157:1935-42.

12. Singer D, Bretschneider HJ. Metaholic reduction
in hypothermia . pathophysiological problems and
natural examples-Part 2. Thorac Cardiovasc
Surg 1990;38:212-9.

13. Black PR, van Devanter S, Cohn LH. Effects of
hypothermia on systemic and organ system me-
tabolism and function. J Surg Res 1976;20:49-
63.

14. Hartree GF. Determination of protein . A modifi-
cation of the Lowry method that gives a linear
photometric response. Anal Biochem 1972:48:
422-7.

15. Zapol WM, Quist J, Pontoppidan H, Liland A,
McEnany T, Laver MB. Extracorporeal perfusion
for acute respiratory failure : recent experience
with the spiral coll membrane lung. J Thorac
Cardiovasc Surg 1975;69:439-49.

16. Villar J, Shutsky AS. Effects of induced hypo-

thermia In patients with septic adult respiratory
distress syndrome. Resuscitation 1993;26:183-
92.

17.Lim CM, Ahn JJ, Kim MJ, Kwon YM, Lee |,
Koh Y, et al. Induced hypothermia attenuates
acute lung injury by endotoxin in rat. Am J
Respir Crit Care Med 2000;161; A99(abstract)

18. Chiang CH, Wu K, Yu CP, Yan HC, Perng WC,
Wu CP. Hypothermia and prostaglandin E(1)
produce synergistic attenuation of ischemia-
reperfusion lung injury. Am J Respir Crit Care
Med. 1999;160:1319-23.

19. Mead J, Takishima T, Leith D. Stress distribution
in lungs : a model of pulmonary elasticity. J Appl
Physiol 1970;28:596-608.

20. West JB, Tsukimoto K, Mathieu-Costello O,
Prediletto R. Stress failure in pulmonary capillar-
ies. J Appl Physiol 1991;70:1731-42.

21. Elliott AR, Fu Z, Tsukimoto K, Prediletto R,
Mathieu-Costello O, West JB. Short-term rever-
sibility of ultrastructural changes in pulmonary
capillaries caused by stress failure. J Appl Physiol
1992;73:1150-8.

22. Suzuki M, Penn 1. A reappraisal of the microcir-
culation during general hypothermia. Surgery
1965;58:1049-60.

23. Webb HH, Tierney DF. Experimental pulmonary
edema due to infermittent positive pressure venti-
lation with high inflation pressures. Protection by
positive end-expiratory pressure. Am Rev Respir
Dis 1974;110:556-65.

24. Behnia R, Molteni A, Waters CM, Panos RJ,
Ward WF, Schnaper HW, TS'Ao CH. Early
markers of ventilator-induced lung injury in rats.
Ann Clin Lab Sci 1996;26:437-50.

25. Dreyfuss D, Soler P, Basset G, Saumon G. High
inflation pressure pulmonary edema. Respective

- 547 —



~ C. M. Lim, et al —

effects of high airway pressure, high tidal volume,
and positive end-expiratory pressure. Am Rev
Respir Dis 1988;137:1159-64.

26. John E, McDevitt M, Wilborn W, Cassady G. Ul
trastructure of the lung after ventilation. Br J
Exp Pathol 1982;63:401-7.

27.Deal CW, Warden JC, Monk I Effect of
hypothermia on lung compliance. Thorax 1970;
25:105-9.

28. Biggar WD, Bohn D, Kent G. Neutrophil circula-

tion and release from bone marrow during

— 548 —

hypothermia. Infect mmun 1983;40:708-12.

29. Johnson M, Haddix T, Pohlman T, Verrier ED.
Hypothermia reversibly inhibits endothelial cell
expression of E-selectin and tissue factor. J Car-
diac Surg 1995;10:428-35.

30. Wenisch C, Narzt E, Sessler DI, Parschalk B,
Lenhardt R, Kurz A, et al. Mild intraoperative
hypothermia reduces production of reactive oxy-
gen intermediates by polymorphonuclear leuko-
cytes. Anesth Analg 1996;82:810-16.



