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The Effects of Normal Saline Solution versus Hartmann’'s Solution on the
Acid-base and Electrolytes Status and Renal Function after Kidney Transplantation
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Background: The purpose of this study was to elucidate the effects of fluid on the acid-base and electrolytes status and renal function
after kidney transplantation (KT).

Methods: We retrospectively analyzed 103 patients who underwent KT. Analyses were performed separately according to the
donor type (living, 52; deceased, 51). In the living donor KT group, 28 patients received normal saline solution (NS) and 24 patients
received Hartmann’s solution (HS). In the deceased donor KT group, 27 patients received NS, and 24 received HS. The acid-base
and electrolyte status, urine volume, and renal function between patients receiving NS and patients receiving HS were compared
in each group.

Results: Regardless of donor type, there were no differences in potassium, pH, base excess, PCO, and HCOs between HS and
NS on immediate postoperative and postoperative day 1. However, changes to neutral acid-base balance in terms of pH, HCOs,
and base excess were significantly higher in HS than in NS. In living donor KT, NS increased serum potassium and chloride sig-
nificantly during fluid therapy. On postoperative day 7, renal function showed no difference between two groups but urine volume
was significantly larger in NS than in HS.

Conclusions: HS does not increase the incidence of hyperkalemia after KT. The use of HS resulted in less metabolic acidosis than
the use of NS. Renal function was similar but polyuria was more severe in patients who received NS than in those who received
HS.
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Table 1. Patients demographics

Living donor KT

Variable
NS (n=28) HS (n=24)

Age (yr) 419+11.9 449+11.5
Male sex 15 (53.6) 13 (54.2)
Height (cm) 1653199 164.7+9.4
Weight (kg) 62.7+14.0 64.3+14.6
BMI (kg/m’) 227429 23.6+4.4
Cause of ESRD

Diabetes mellitus 3 (10.7) 9 (37.5)

Hypertension 1 (3.6) 0

Glomerulonephritis 17 (60.7) 10 (41.7)

Others 7 (25.0) 5 (20.8)

Data are presented as mean+SD or number (%).

Alol= §leith(Table 1).

TOS TIAI Kol A Zg-2 Al da oA Bt 0.3
mmol/L, SFETE & Fof A i 0.1 mmol/L Z7}5+e]
e Aol A foJstAl Frkeel wWekar(,=0.029), ¢
2 | da oA et 6.8 mmol/L, SHETE 8-
oA Fat 1.3 mmol/L F7Fste] e Ha= oA F7F
ol WTtH(P<0.001). AFH7] WslRFS, B4 Ha o
oAl pH F 0.02, SFERE 8- Fof| 4 pHe B4t 0.05
&2 SHERE &4 oA pHE| F7heo]l ZIth(P=0.030).
HCOs= 2|29 HollA] Bt —3.4 mmol/L, SHERF -84
oA Bt 1.2 mmol/LY 31(2=0.009), BE= z+zF B4t 0.1
mmol/L. 2} 2.4 mmol/L (P=0.005)% SIETE 8o Foj|A]
/4% Aol =tk To9} T1o] hEFI} PCO 9| ¥3}
T Y AolE HolA| AQItH(Table 2).

o]4 & TUA Wt Q= A AL LollA] 10,896
mL/day, S}EQ 8 FofA] 8,811 mL/day= Ay A4
oA et avfo] Wekal(£=0.049), 74A 41715
2|41 ¢1 4 Lol A] 89.2 mL/min/1.73 m’, SFEYE G-l o
A] 81.8 mL/min/1.73 m’0.& & gl 3L 7} 2}o]E Ho|z|
OFQITH P=0.307) (Table 3).
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A} Alo] A gkA} F e Al daE AMEe $F
o|%laL, STERE M Ag-3t A= 24 o] QiTt
Fratdh SFETE S FoflA AF, AW, ¢
2tol= U ATHTable 1).

AR Alo] Aol A TOLE T12] Aty 7] W3k, Ae|4d

Deceased donor KT

Prvalue NS (n=27) HS (n=24) Pvalue
0.334 452+11.4 489+94 0.300
0.966 15 (55.6) 16 (66.7) 0.417
0.832 162.2+8.3 163.9+7.8 0.460
0.688 58.6£8.7 609+7.6 0.335
0.386 222+20 226+22 0.428
0.118 0.352

6 (22.2) 2 (8.3)
3 (11.1) 1 (4.2)
14 (51.9) 15 (62.5)
4 (14.8) 6 (25.0)

Abbreviations: KT, kidney transplantation; NS, normal saline solution; HS, Hartmann’s solution; BMI, body mass index; ESRD, end-stage

renal disease.
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Table 2. Blood electrolytes and acid-base in normal saline group and Hartmann's solution in living donor kidney transplantation

Variable Group Immediate postoperative (TO) Postoperative day 1 (T1) Difference Pvalue
Serum electolyte
Sodium (mmol/L) NS (n=28) 132.8+£3.9 136.3£3.5 36+4.6 0.087
HS (n=24) 1343£2.38 1359+2.1 1.6%£3.1
Potassium (mmol/L) NS (n=28) 4.0+0.5 43404 03+0.4 0.029
HS (n=24) 41%06 42405 0.1£0.5
Chloride (mmol/L) NS (n=28) 98.5+4.38 105.3£4.5 6.8+4.8 <0.001
HS (n=24) 102.2+4.3 103.5+3.5 1.3£3.6
Acid-base analysis
pH NS (n=28) 7.35+0.44 7.37+0.36 0.02+0.04 0.030
HS (n=24) 7.33+0.58 7.38+0.38 0.05+0.05
PCO, (mmHg) NS (n=28) 373437 355433 —1.8+3.8 0.531
HS (n=24) 389143 37.7+32 —12+32
HCO; (mmol/L) NS (n=28) 240+£5.7 20.8+£39 —34+58 0.009
HS (n=24) 20.5+4.0 221429 1.7£2.6
BE (mmol/L) NS (n=28) —42+31 —41£25 0.1£25 0.005
HS (n=24) —4.6t44 —224+3.10 24+£29
Data are presented as mean+SD.
Abbreviations: NS, normal saline solution; HS, Hartmann's solution; BE, base excess.
Table 3. Allograft renal function and urine volume on postoperative day 7
Variable NS HS Prvalue
Living donor KT
eGFR (mL/min/1.73 m®) 89.2+28.8 81.8+21.6 0.307
Urine volume (mL/day) 10,896.4 £3,889.6 8,811.3+3,4852 0.049
Deceased donor KT
eGFR (mL/min/1.73 m’) 59.7+34.1 61.3+£30.8 0.860
Urine volume (mL/day) 6,871.1+3,579.3 4,996.6 £2,361.1 0.031

Data are presented as mean=+SD.
Abbreviations: NS, normal saline solution; HS, Hartmann's solution; KT, kidney transplantation; eGFR, epidermal growth factor receptor.

2~ Fo| A pHE HE —001, 3tEY 9 oA pHE= i =
o 0052 SIERF &4 oA pHO F7igo] zioh
(P=0.006). HCOs= A ] A H<= ol A <t 0.1 mmol/L, ool e daeE At dF A4t SUeh
SHETE g9 Lol A 4 3.9 mmol/L§)a1(P=0.002), BE FEAR o] Zarsto] tiAM 4bSo] il E= A 2 G
= Z+zF B3 —0.1 mmol/Le} 3.6 mmol/L (P=0.009) & &} HR dA o tH(1,2,11-14). Alo]4] FRloA= =& F o}
Ext &N oA 43} Aol okt ToLt T19] YE @} FA o o] 8t e SR gon, 4
. AE 94 183 PCO 9] WskF2 f-ogt ato]& K Fohe Ao FR7F Ao A 9 AR 7] 2] Aol
o] x| ¢¥ektH(Table 4). FF= = 7 Uh 4lolA] & Bt =AY TRl o
ol4] & TUA ot QF A4 Hgr oA 6,871 mL/ gk At WA gon, A7 Y AFES e S A
day, SFERF 8N Lol A 4,997ml/day WtaL(P=0.031), 7 Bt =AY FF tig AFsol diREolth2,13)
o 7 A7)5S A ES 2ol A 59.7 mL/min/1.73 m’, 2 Aqte Alo]d] & 27 Folgt e aldpet B E
StERE -gof FojA] 61.3 mL/min/1.73 m* 0.2 £ g ¢l SHENE §HS ARERE ShAtol| A A d W 4EA 7] AdH
7k ZpolE HolA] FQktH(P=0.860) (Table 3). E vttt 4lo] 4] Shxjol| A o] 4] A g Az Lol o g
e daeef StERE S TS Sxf HE 7S 4l
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Table 4. Blood electrolytes and acid-base in normal saline group and Hartmann's solution in deceased donor kidney transplantation

Variable Group Immediate postoperative (TO)

Serum electolyte

Sodium (mmol/L) NS (n=27) 134.8+3.8
HS (n=24) 1329426
Potassium (mmol/L.) NS (n=27) 47106
HS (n=24) 45+0.2
Chloride (mmol/L) NS (n=27) 098.8+3.8
HS (n=24) 999+£2.7
Acid-base analysis
pH NS (n=27) 7.37£0.52
HS (n=24) 7.334+0.44
PCO, (mmHg) NS (n=27) 38.1+54
HS (n=24) 37.8+54
HCO; (mmol/L) NS (n=27) 219+2.7
HS (n=24) 193+24
BE (mmol/L) NS (n=27) —1.7+4.7
HS (n=24) —52+28

Data are presented as mean=+SD.

Abbreviations: NS, normal saline solution; HS, Hartmann's solution; BE, base excess.

o] 4Pt BAGl] AF) P EL AL Pl ¢l
o QLHSHA AHEE 4 gtk o4 F 15%o] Frkt
A7N5e Fofah 3FgN0] F7 2k Aol S Hol itk
B AFA F G 3k fol3 pHe| ik glge
U, AFE719) AEE BAsEE Alel 494 2ol HOO;
o g 9 BEY FAE Holk AL A Aol £
Hi A0 olshe 4 glom, PCO2| gavt it
AL e A Aol thah EFAe] o] Rofx
AOE HYT 5 Atk B AFE BFAES 2HHA
o) el e oFe ARE Hu AR FeargS
S|4 AA A AFES ST 5 glon], A A
G v Gt Ak AES fushA "ekiS10).
Alo] Al HHE WA Bl 4] £5] A7) B
Fo] FurElo] 9L, olAupHolH HARUR o=
Q13 A AFFol FuhE 4 9l7] Rl chre] 4o
NPrE PR RS AFS oBhAlYIA HAL A
7] A AR NS B BE S Ao
WA B EAS AYsa glolE Hsla 2
FPol WAL A7} £3] Gk Alol4] e Sa
F A2 Qold BLFAZF AL ol Aol 8
sh7] o], ZEo] EFH SHEW Fo| ALgE T3t
A ek T £ ATelAE 4 F ShED SO A
83 B A (B EAS WRE S HAFBFS
Hol Fh Qe 5.5 mmolL o|4he] HAFBFE
ol Fhi SERF G0 FolA] 4%, AeAgs 2o
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Postoperative day 1 (T1) Difference Prvalue
135.7+4.1 09+55 0.081
1347126 1.8£2.6
4.5+0.7 —02+0.7 0.121
46+0.9 0.1£0.7
100.1£4.7 1.3+6.0 0.243
99.0+£2.6 —03£37
7.36+0.04 —0.01+0.07 0.006
7.38+0.05 0.05£0.07
38.7+£3.7 L1+51 0.807
393+43 1.5+58
21.9+27 0.1+£3.0 0.002
232+44 39147
—1.9+£56 —0.1£75 0.009
—1.6+£47 3658
A 3L R T o 2 fofRt Aol & e A St &
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