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Impact of preoperative muscle mass and quality on
surgical outcomes in patients undergoing major
hepatectomy for perihilar cholangiocarcinoma
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Table 1. Association between the body composition indexes and preoperative variables

(univariate analysis)

PMI PMD
Variables Normal Low p values Normal Low p values
(n=304) (n=152) (n=304) (n=152)
Age [years] 68 (61-73) 72 (65-77) <0.001 67 (60-73) 73 (67-78) <0.001
Male sex, n (%) 205 (67) 103 (68) 0.944 205 (67) 103 (68) 0.944
Preoperative cholangitis 51(17) 22 (14) 0.527 52 (17) 21 (14) 0.367
Preoperative biliary drainage 264 (87) 135 (89) 0.548 262 (86) 137 (90) 0.230
Diabetes 25(8) 12 (8) 0.345 21(7) 16 (11) 0.267
Hemoglobin [g/dl] 12.0 (11.2-12.8) 11.2 (10.2-12.0) <0.001 11.8 (11.0-12.7) 11.8 (10.5-12.5) 0.088
Platelet count [x10%/uL] 23.4(18.4-28.9) 24.2 (20.0-29.9) 0.070 24.1 (18.8-29.5) 22.8(19.2-28.3) 0.462
Lymphocyte count [x10%/pL] 1.3 (1.0-1.7) 1.3 (1.0-1.6) 0.885 1.3 (1.0-1.7) 1.3 (1.0-1.7) 0.763
Serum albumin [g/dl] 3.6 (3.4-4.0) 3.4 (3.1-3.7) <0.001 3.6 (3.3-3.9) 3.5(3.1-3.8) 0.002
C reactive protein [mg/dl] 0.20 (0.08-0.59) 0.32(0.12-1.09) 0.003 0.20 (0.09-0.68) 0.31 (0.11-0.88) 0.046
PT-INR 1.00 (0.96-1.05) 1.01 (0.96-1.07) 0.127 1.00 (0.96-1.05) 1.01 (0.97-1.06) 0.015
ICG-K 0.159 (0.141-0.178)  0.158 (0.136-0.174) 0.351 0.162 (0.141-0.181) ~ 0.156 (0.136-0.173) 0.047
ICG R15 [%)] 9.2(6.9-12.1) 9.3 (6.8-13.1) 0.945 8.9 (6.5-12.3) 9.7 (7.4-12.4) 0.062

Continuous variables are expressed as median (interquartile range)
PT-INR, prothrombin time-international normalized ratio; ICG-K, plasma clearance rate of indocyanine green; ICG
R15, plasma retention rate of indocyanine green at 15 min; PMI, psoas muscle mass index; PMD, psoas muscle density.

Bold p<0.050



Table 2. Association between the body composition indexes and intra- and postoperative outcomes

PMI PMD
Variables Normal Low p values Normal Low p values
(n=304) (n=152) (m=304) (n=152)
Resected Couinaud’s section >3, n (%) 114 (38) 60 (39) 0.683 124 (41) 50 (33) 0.102
Combined vascular resection, n (%) 116 (38) 67 (44) 0.224 123 (40) 60 (39) 0.839
Operation time [min] 544 (485-624) 555 (482-644) 0.406 546 (484-628) 555 (482-640) 0.249
Adjusted IBL [ml/kg] 17.2 (12.4-26.8)  21.3(13.8-29.5) 0.008 17.9 (12.4-27.3) 189 (13.3-28.7) 0.248
Allogeneic blood transfusion, n (%) 68 (22) 63 (41) <0.001 78 (26) 53 (35) 0.041
Complications Clavien-Dindo >3, n (%) 149 (49) 68 (45) 0.389 133 (44) 84 (55) 0.020
PHLF (=grade B), n (%) 49 (16) 32(21) 0.194 48 (16) 33(22) 0.119
PHBL (=grade B), n (%) 82 (27) 36 (24) 0.450 79 (26) 39 (26) 0.940
Maximum total bilirubin [mg/dl] 2.5(1.8-3.8) 2.9(1.6-4.4) 0.877 2.5(1.7-3.8) 2.7(1.7-4.4) 0.317
All infectious complications, n (%) 93 (31) 50 (33) 0.618 80 (26) 63 (41) 0.001
Wound infection, n (%) 22(7) 13 (9) 0.619 19 (6) 16 (11) 0.106
Intra-abdominal abscess, n (%) 76 (25) 41 (27) 0.649 67 (22) 50 (33) 0.012
Pneumonia, n (%) 52) 2(1) 0.788 2(1) 5(3) 0.031
Bacteremia, n (%) 9() 12 (8) 0.018 10 (3) 11(7) 0.058
Ascites, n (%) 20 (7) 25 (16) <0.001 29 (10) 16 (11) 0.739
Pleural effusion, n (%) 20 (7) 12 (8) 0.604 21(7) 11(7) 0.897
Mortality associated with surgery, n (%) 6(2) 312 1.000 4(1) 503) 0.153
Postoperative hospital stay [days] 24 (17-34) 26 (19-38) 0.032 23 (17-34) 28 (19-37) 0.003

Continuous variables are expressed as median (interquartile range).

Adjusted IBL [kg/ml]; intraoperative blood loss (IBL, ml) per body weight (kg)
PBL, proportional blood loss; PHLF, posthepatectomy liver failure;PHBL, posthepatectomy bile leakage; PMI, psoas

muscle index; PMD, psoas muscle de



Table 3. Univariate and multivariate analyses of survival in patients with perihilar cholangiocarcinoma
undergoing major hepatectomy with extrahepatic bile duct resection

Univariate* Multivariate**
Variables Median survival time Hazard ratio
n (%) (months) p values [95% CI] p values
Preoperative variables
Age [years]
> 70 199 (44) 46.5 0.132
<70 257 (66) 48.4
Sex
Male 308 (68) 43.9 0.120
Female 148 (32) 55.6
Serum albumin [g/dl]
<35 183 (40) 42.8 0.069
23.6 273 (60) 54.2
PMI
Low (lowest tertile) 152 (33) 37.8 0.027 1.27 [0.97-1.66] 0.077
Normal (others) 304 (67) 54.2 1.00 (reference)
PMD
Low (lowest tertile) 152 (33) 413 0.729
Normal (others) 304 (67) 50.2
Intraoperative variables
Adjusted IBL [ml/kg]
>22 178 (39) 36.9 0.002 1.33[1.02-1.73] 0.036
<22 278 (61) 61.6 1.00 (reference)
Combined vascular resection
Yes 183 (40) 35.8 <0.001 0.96 [0.71-1.31] 0.819
No 273 (60) 53.7 1.00 (reference)
Pathological variables
Pathological T category#
pT4 217 (48) 309 <0.001 1.56 [1.10-2.20] 0.013
pT1-3 239 (52) 91.5 1.00 (reference)
Lymph node metastasis
Yes 201 (44) 29.9 <0.001 2.10[1.57-2.81] <0.001
No 255 (56) 105.0 1.00 (reference)
Distant metastasis
Yes 53(12) 21.3 <0.001 1.77 [1.24-2.54] 0.002
No 403 (88) 58.8 1.00 (reference)
Pathological residual tumor
Yes 104 (23) 25.6 <0.001 1.67 [1.24-2.56] <0.001
No 352 (77) 61.6 1.00 (reference)

Adjusted IBL [kg/ml]; intraoperative blood loss (IBL, ml) per body weight (kg)
PMI, psoas muscle mass index; PMD, psoas muscle density; CI, confidence interval. Bold p<0.050. #According to the
seventh edition of the AJCC staging manual. *Log-rank test, **Cox proportional hazard model.



Supplementary table 1. Association between postoperative complications and intraoperative blood loss

No. of patients (%) Adjusted IBL [ml/kg] (IQR) p values
Complications Clavien-Dindo > 3
Absent 239 (52) 17.4 (12.1-26.7)
0.017
Present 217 (48) 19.8 (13.7-29.2)
PHLF
Absent 375 (82) 16.8 (12.0-25.6)
<0.001
Present 81 (18) 27.9 (21.0-45.9)
PHBL
Absent 338 (74) 17.7 (12.5-26.8)
0.034
Present 118 (26) 20.0 (13.8-30.4)
Infectious complications
Absent 313 (69) 17.7 (12.6-26.4)
0.021
Present 143 (31) 20.7 (13.0-30.9)
Wound infection
Absent 421 (92) 18.0 (12.7-27.3)
0.229
Present 35(8) 19.8 (13.2-29.2)
Intra-abdominal abscess
Absent 339 (74) 17.8 (12.6-26.7)
0.138
Present 117 (26) 19.8 (12.9-30.6)
Pneumonia
Absent 449 (98) 18.1 (12.6-27.3)
0.008
Present 72) 31.4 (26.8-37.8)
Bacteremia
Absent 435 (95) 18.0 (12.6-27.3)
0.031
Present 21(5) 24.5 (16.0-47.6)
Ascites
Absent 411 (90) 17.7 (12.5-26.8)
0.010
Present 45 (10) 23.1(16.7-30.2)
Pleural effusion
Absent 424 (93) 18.1 (12.5-27.6)
0.048
Present 32 (7) 22.7(15.8-35.8)
Mortality associated with surgery
Absent 447 (98) 18.1 (12.6-27.3)
0.023
Present 9(2) 28.7 (21.1-34.6)

Adjusted IBL [kg/ml]; intraoperative blood loss (IBL, ml) per body weight (kg)
IQR, interquartile range; PHLF, posthepatectomy live failure; PHBL posthepatectomy bile leakage. Bold, p<0.050



57 y.o. Male
Height; 1.68 m
Body weigt; 81 kg
TPA=2799 mm?
PMI=992 mm?2/m?
PMD=63.4 HU

71 vy.0. Female
Height; 1.54 m
Body weigt; 52 kg
TPA=925 mm?2
PMI=390 mm?2/m?
PMD=6.5 HU

Figure 1

Representative images of computed tomography scans at the third vertebra and measurements of body composition
indices.

(A) A 57-year-old male.

(B) A 71-year-old female.
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The correlations between the body composition indices and laboratory tests.

(A) Psoas muscle intensity (PMI) vs. hemoglobin (Hb)

(B) PMI vs. serum albumin.

(C) Psoas muscle density (PMD) vs. Hb

(D) PMD vs. serum albumin.
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Figure 3

(A) Overall survival according to the psoas muscle index (PMI).
(B) Overall survival according to the psoas muscle density (PMD).
P values were calculated using the log-rank test.
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