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The Renal Effects of Furosemide Administration Followed by Unclamping of Supraceliac Aortic Cross

Clamping in Experimental Dogs

Hyuk Lee, M.D., Uo Sok Choe, M.D., Jin Mo Kim, M.D., Young Ho Jang, M.D., Jung In Bae, M.D., Ae Ra Kim, M.D., Yoon Jeong
Ahn, M.D., Hyung Tae Kim, M.D.*, and Dae Lim Ji, MD.
Departments of Anesthesiology and Pain Medicine and *Transplantation and Vascular Surgery, School of Medicine, Keimyung University,

Daegu;

Department of Anesthesiology and Pain Medicine, College of Medicine, Yeungnam University Hospital, Daegu, Korea

Background: The overall rate of renal complications after surgery on the suprarenal aorta remains high. Possible mechanisms are,

a reduction and maldistribution of renal blood flow, activation of the renin-angiotensin system, and the release of various mediators.
In this study, changes in renal blood flow, local renal perfusion, the oxygen extraction ratio, and in renal function by furosemide following

supraceliac aortic cross clamping and unclamping were observed.

Methods:

A total of 13 mongrel dogs were divided into two groups; a control group (n = 7), and a furosemide group (n

6).

For aortic cross clamping the supraceliac aorta was exposed and a doppler flowmeter probe was placed on the left renal artery. A

thermal diffusion microprobe was also inserted in the renal parenchyme to measure local renal perfusion.

Sixty minutes after aortic

cross clamping, systemic hemodynamic data, renal blood flow, and local renal perfusion were measured. These parameters were also

repeatedly measured at 1, 2, 3, 4, 5, and 6 hours after unclamping. Biomarkers of renal dysfunction and injury (renin activity, creatinine,

and Cystatin-C) were measured.
Results:

No differences were observed between the two groups in terms of renal blood flow, local renal perfusion, and oxygen

extraction ratio. Renal blood flow and perfusion did not recover to the baseline level after unclamping in either group. Plasma renin

activity significantly reduced in the furosemide group 3 hours after clamping, but serum creatinine, and Cystatin-C concentrations were

similar in the tow groups.
Conclusions:
not effective in experimental dogs.

We conclude that the administration of furosemide after supraceliac aortic unclamping to improve renal function is
(Korean J Anesthesiol 2004; 47: 716~ 25)

Key Words: aortic aneurysm, cross clamp, furosemide, renal protection.
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Supraceliac aortic
cross clamping

Anesthetic

induction Oxygen parameters
l 1hr Slhr 6 hr
[ somin NI L[]

Preoperative - Renin activity
baseline - Creatinine
- Hemodynamics - Cystatin-C

- RBF, LRP

- Oxygen parameters
- Renin activity

- Creatinine

- Cystatin-C

Fig. 1. Schematic diagram of the experimental protocol and data
collection. RBF; renal blood flow, LRP; local renal perfusion,
Blood sampling for oxygen parameters were performed via brach-
ial, pulmonary, and renal artery and renal vein.

g7 dd 4%, Fdelgd ¥ CystatinC 5% A4S
A8 ALe A APstch A L AFAA Y da &
e, e ARG B AL FEES ofg] T4 wt
A st

= (1.34 x Hb x Sa0,) + (0.003 x Pa0O,)

Systemic CvO, (ml/dL)

= (1.34 x Hb x SvO,) + (0.003 x PvO,)

Systemic DO, (ml/min) = Q x Systemic CaO, x 10

Systemic VO, (ml/min)

= Q x (Systemic CaO, - Systemic CvO;) x 10

Systemic O,ER (%) = Systemic VO,/Systemic DO, x 100

Renal CaO; (ml/dL)

= (1.34 x Hb x RA-Sa0,) + (0.003 x RA-Pa0O,)

Renal CvO;, (ml/dL)

= (1.34 x Hb x RV-SVO,) + (0.003 x RV-PVO,)

Renal DO, (ml/min) = RBF X Renal CaO, x 10

Renal VO, (ml/min)

= RBF x (Renal CaO, - Renal CvO,) x 10

Renal OER (%) = Renal VO,/Renal DO, X 100
Constants, 10 were used to set units.
Abbreviations: Hb; hemoglobin, SaO,; arterial oxygen saturation
(%), PaO,; arterial oxygen partial pressure (mmHg), SvO;
mixed venous oxygen saturation (%), PvO,; mixed venous
oxygen partial pressure (mmHg), Q; cardiac output (I/min),
RA; renal artery, RV; renal vein, RBF; renal blood flow
(I/min), CaO,; arterial oxygen content, CvO,; venous oxygen
content, DO,; oxygen delivery, VO,; oxygen consumption,

O:ER; oxygen extraction ratio.
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Fig. 2. Changes in heart rate (HR) with or without furosemide
administration followed by unclamping of supraceliac aortic cross
clamping in dogs (mean * SD). ACC-60: 60 min after aortic
cross clamping; BL: baseline.
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Fig. 3. Changes in mean arterial pressure (MAP) with or without
furosemide administration followed by unclamping of supraceliac
aortic cross clamping in dogs (mean + SD). ACC-60: 60 min
after aortic cross clamping; BL: baseline. *P<0.05 compared to
the baseline.
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Fig. 4. Changes in central venous pressure (CVP) and pulmonary artery occlusion pressure (PAOP) with or without furosemide administra-
tion followed by unclamping of supraceliac aortic cross clamping in dogs (mean * SD). ACC-60: 60 min after aortic cross clamping; BL:

baseline. *P < 0.05 compared to the baseline.
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sto] Zrlatgom Fate s WA 0EP = 0.000)
Z, AME 5AZHP = 0.045), 6A1ZHP = 0.032) o 7] gk
B} frofshAl S7hek i tHFig. 6).
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N
)]
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Fig. 5. Changes in cardiac output (CO) with or without furose-
mide administration followed by unclamping of supraceliac aortic
cross clamping in dogs (mean * SD). ACC-60: 60 min after
aortic cross clamping; BL: baseline. *P < 0.05 compared to the
baseline.
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590.8 + 242.0, 619.5 = ml/min®] o™ CTor =
s AAE 33X T 6A 7 Fo ZZ 3528 £ 101.0,
283.7 £ 1032 ml/min (P = 0.018, P = 0.010), Fo| = A
N5 1, 3, 6A%F Fo]| Z+zZh 3983 + 128.1, 337.8 + 425,
2534 + 38.8 ml/min (P = 0.006, P = 0.003, P = 0.00)E
712 ET FoetA AastAh AAAAMY AAh AR
& FZolA 7123 1137 + 40.0 mi/minol A ANE 1417+
7 3A17F To Z+7: 829 + 30.6, 84.6 + 30.6 ml/minE 7+
A28Pa, Ah o&ELS CEY FroA 7|EFol Zzt
18.6 + 7.7, 184 * 57%°IRem, Fre AME 33X +
o 247 £ 64% (P = 0.005)E Y34 =718t
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Fig. 6. Changes in systemic vascular resistance (SVR) and renal vascular resistance (RVR) with or without furosemide administration

followed by unclamping of supraceliac aortic cross clamping in dogs (mean =

baseline. *P < 0.05 compared to the baseline.
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Fig. 7. Changes in renal blood flow (RBF) and local renal perfusion (LRP) with or without furosemide administration followed by un-
clamping of supraceliac aortic cross clamping in dogs (mean * SD). ACC-60: 60 min after aortic cross clamping; BL: baseline. *P <
0.05 compared to the baseline.

Table 1. Systemic and Renal Oxygen Parameters with or without Furosemide Administration Followed by Unclamping of Supraceliac Aortic
Cross Clamping in Dogs

Time after unclamping (hr)

Baseline
1 3 6
Ca0, Control 176.0 = 0.7 179.2 + 11.5 174.0 + 2.6 1734 + 1.5%
(ml/dl) Furosemide 1747 + 1.1 1740 + 2.4 175.6 + 2.1 1732 + 1.0*
S-CvO, Control 143.3 + 13.1 136.6 + 19.3 126.7 + 8.2 121.3 + 7.6*
(ml/dl) Furosemide 1426 + 9.9 1369 + 9.1 132.3 + 12.0* 1269 + 6.2
S-DO, Control 590.8 + 242.0 458.5 + 246.0 352.8 + 101.0* 283.7 + 103.2*
(ml/min) Furosemide 619.5 + 103.3 398.3 + 128.1* 337.8 = 42.5% 2534 + 38.8*%
S-VO, Control 1203 + 86.4 103.3 + 45.8 942 + 21.7 815 + 172
(ml/min) Furosemide 113.7 £ 40.0 829 + 30.6* 84.6 + 30.6* 82.6 + 25.0
S-O.ER Control 186 + 7.7 238 + 9.1 27.1 + 44 30.0 £ 4.7
(%) Furosemide 184 £ 57 213 + 49 247 + 6.4* 267 + 33
R-CvO» Control 1557 + 49 150.7 + 10.9 1473 + 199 128.8 + 15.8*
(ml/dl) Furosemide 161.5 = 3.6 157.8 + 2.5 158.8 + 3.0 137.3 + 25.5
R-DO, Control 248 + 5.7 155 + 6.1% 17.3 + 6.1* 13.1 + 3.8*
(ml/min) Furosemide 28.3 + 13.3 16.5 + 8.8* 18.9 + 10.1* 15.1 = 8.0
R-VO, Control 2.8 + 09 24 + 1.6 22 £ 09 32 + 1.1
(ml/min) Furosemide 23 £ 15 1.5 + 09 1.7 £ 0.8 25 1.2
R-O:ER Control 11.6 + 2.7 156 + 6.7 153 + 10.8 257 + 8.9*%
(%) Furosemide 7.6 £ 2.0 93 £ 19 95 + 1.2 20.1 + 14.8

Values are mean = SD. S: systemic, R: renal, CaO,: arterial oxygen content, CvO,: venous oxygen content, DO,: oxygen delivery, VO,:
oxygen consumption, O,ER: oxygen extraction ratio, *P < 0.05 compared to the baseline.

AN A eubg EF T TAA L, 3, 6 A F b Fo 257 + 89%E 7R} 116 + 2.7%cl HIsto]
A7)Zkel AA 7125kl wske] frejsiAl Fastgint Ata FsA S7HIA U P = 0016) C¥ Fol Al & 2
ARFE CTF Fe BF 712HH vlaa SAgHoR oMol A eubd, AR 9 o859 Wl 3o F
o zpole ek A& o] 852 CEelA AAE 64 o 2ol AT
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Table 2. Biomarkers for Renal Function with or without Furosemide Administration Followed by Unclamping of Supraceliac Aortic Cross

Clamping in Dogs

Biomarkers Group Baseline 3 hrs after unclamping P value
Plasma renin activity Control 71 £ 24 120 + 5.0

(ng/ml/h) Furosemide 92 + 14.0 29.1 + 19.7% 0.009
Serum Creatinine Control 0.80 = 0.09 0.85 = 0.26

(mg/dl) Furosemide 0.78 + 0.13 0.96 + 0.20 0.408
Cystatin-C Control 0.13 £ 0.01 0.11 + 0.03

(mg/l) Furosemide 0.11 + 0.02 020 + 0.15 0.233

Values are mean + SD. *P < 0.05 compared with control group.

Fig. 8. Light microscopic findings followed by unclamping of supraceliac aortic cross clamping in dogs. The glomerulus shows some
neutrophils and lymphocytes infiltration but there was no changes in afferent and efferent arteriole size (H&E, *200). (A): Control group,

(B): Furosemide group.

3 4d FAYE, €3 ZFolgd 2 Cystatin-C
3}(Table 2)

=
[

g4 dd AT sy AT A F FarollA
VLG THP = 0.009). 24 Zolgde dhEd ANE F
Faoll A 7183k nlgte] 71 48 EQou BATA
02 {3t Aole gion ¢y HlmAAE fFofgt A
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Z3%y 24
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