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Changes in Limb Circumferences among Intensive Care Unit Patients

and Related Factors

Shin, Hye Eun' - Kang, Jiyeon?
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Purpose: This study was conducted to identify changes in limb circumferences among patients admitted to
the intensive care unit (ICU) and related factors. Methods: We conducted a prospective observational study
with 27 patients from 3 ICUs at a university hospital located in B city of Korea, from September 1 to
October 30, 2015. The circumferences of the left and right upper arms, thighs, and lower legs were
measured on the first, third, fifth, and seventh days of ICU admission. Information on the related factors
was collected from the medical records. The data were analyzed using a linear mixed model method.
Results: The limbs circumferences significantly reduced from day 3, and the changes continued till day 7.
These changes were related to the gender of the subjects, restraints application, use of steroids, and
continuous renal replacement therapy. Conclusions: Based on the above results, it can be concluded that

ICU-acquired weakness begins before the third day of admission.

Thus, early mobilization protocols for

ICU patients need to be developed and implemented in order to improve long-term outcomes.
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Table 1. Characteristics of Study Subjects

(N=38)
Characteristics Categories n (%) M+SD
Gender Male 18(66.7)
Female 9(33.3)
Age (years) <59 15(55.6) 59.56
>60 12(444) 1084
Department Neurosurgery 9(33.0)
Pulmonology 9(33.0)
Cardiology 4(15.0)
Nephrology 3(11.0)
General surgery 1(4.0)
Neurology 1(4.0)
Body mass Normal 12(44.4) 2272
index (18.5-23.0) 12.87
Abnormal 15(55.6)
APACHE Il <57 13(48.2) 57.52
score 558 14(51.9) +22.25
Mechanical Yes 13(48.2)
ventilator No 14(51.9)
CRRT Yes 6(22.2)
No 21(77.8)
Restraints Yes 19(70.4)
No 8(29.6)
Muscle Yes 5(18.5)
relaxants No 22(81.5)
Steroids Yes 18(66.7)
No 9(33.3)
Blood glucose <120 3(12.0) 167.76
(mg/dL)” 121~199 18(72.0) ~ *53.08
>200 4(16.0)
Albumin 3.0 10(41.7) 3.10
(o/dL) >30 14(58.3) *0.63
.Nlilt[(itional <1117 15(55.6) 1(13%2(1)
(Kealiday) 1117 12040 T

“Missing (not measured) included
APACHE lll=Acute Physiology and Chronic Health Evaluation I;
CRRT = Continuous renal replacement therapy
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Table 2. Circumference of Extremities according to Time
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Day 1° Day 3 Day 5 Day 7
St (n=27) (n=27) (n=27) (n=19) F p
MzSD MzSD MzSD MzSD
Left upper arm 27.5313.26 27.07£3.11 26.40+£3.16 26.50£3.33
(cm) 5 ab b be 20.62 <.001
Right upper arm 27.73£3.37 26.961£3.42 26.20£3.41 26.49+3 .46 2137 <001
(cm) a b C bc ’ :
Left thigh 38.65+4.56 37.6714.43 36.79t4.34 36.36%x4.53 3638 <001
(cm) a b C C ) ‘
Right thigh 38.58+4.71 37.3314.78 36.27+4.60 36.2614.82 36.45 <001
(cm) a b C C ‘ :
Left calf 32.38t4.15 31.90£3.98 31.35£3.96 31.15t4 .41 13.16 <001
(cm) a ab bc C : :
Right calf 32.36x4.23 32.00%£4.07 31.37t4.34 31.05+4.44 16.63 <001
(cm) a ab bc C : .
* Admission day
abc: Scheffe's post -hoc grouping time (a>b)c)
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Table 3. Changes of Upper Arm Circumferences according to Related Factors

(N=27)
Left Right
Day1 Day3 Day5 Day7 Day1 Day3 Day5 Day7
Categories (n=27)  (n=27) (n=27) (n=19) F P (n=27)  (=27) (n=27) (n=19) F p
M#SD  M#SD  MSD  M%SD M#SD  MSD  MSD  M#SD
Male 28.27 27.73 27.26 27.02 G 3.74 .065 28.80 27.96 27.23 27.16 G 6.63 016
+342 326 %338 375 +348  £355 %346 +3.68
s T 2033 {001 T 17.80 (001
ex Female 26.06 25.76 24.68 25.40 25.60 2494 2413  24.60
+2.45 +2.42 £1.77 £1.32  GT 112 .346 +1.89 +2.08 +2.26 £1.94 GT 0.1 .956
<59 28.64 28.15 27.61 27.46 G 4.71 .040 28.75 28.05 27.223 27.22 G 3.50 073
= +350 335  +3.41 +3.64 +378  £3.88 +94  +4.04
Age >60 26.15 25.72 24.88 25.11 T 1905 (o001 2646 2558 2493 2524 1959 (001
= +£2.41 +£2.22 +2.07 £222 GT 065 588  £234  £217 +213 +176 GT  0.18 911
25.44 2514  24.68 24.91 25.31 2488 2428  24.30 .001
Nomal {304 1292 t204 t3e0 © 102 008 1597  i316 305 33 ° 129
BMI  Abnor 2021 2861 2777 2758 1 1865 (001 594, 286y 2773 2777 T 1988 (001
-mal +2.40 +2.35 +2.67 +2.86 G*T 2.06 114 +2.26 +2.67 +2.94 +2.93 G*T 1.51 220
<57 27.95 27.41 2674 2704 G 033 572 2840 2755 2705 2759 G 122 .280
= +4.04 403  $4.16  +4.27 +4.00  +434  +453  +4.18
APACHE T 1972 {001 T 2065 (001
i >58 2714 26.76 26.08 26.10 27.11 2640 2541 2527
= 242  $202 £1.94 £1.96 GT  0.08 969 253  £229 #1771 £200 GT 044 724
27.05 26.52 25.66 2577 g 117 290 27.00 2627 2563 2600 G 0.86  .363
o Yes +387 %374  £3.66 373 £417 443 £430  $4.32
Mechanic T 2104 (001 T 2069 (001
-al No 27.99 27.58 27.08 27.51 28.41 2759 2673  27.03
ventilator 264 241 256 273 G 1.76 164 £237  £208 £235 $229 GT 042 740
Yes +405  +3.83  £3.66 +.65 £236 1381 %375 1418
a a a a T 2005 {001 T 1481 (001
ORT -, B2 mas 2675 27102 2831 2759 2681  27.34
2 Ea =2 = GT 150 .015+ %290 310 314 #282 GT 008 .972
a ab bc c
Yes 27.61 27.29 26.72 2647 G 1.68 622 2798 2735 2675 2669 G 1.04 319
Restrain- +£352 %332  £337 1384 +356  #370 #3.50  £3.91
ts No 27.35 2654 2564 2604 1 863 (001 2715 2603 2489 2592 | 2265 (001
276 265  +2.61 133 GT 373 223 £301 +260 #297 *1.86 GT 167  .182
Yes 2774 2684  26.36 2583 G (0.01 968 2770 2720 2608 2555 G 0.00 .968
£228 203 #2014 235 +293  £2.80 +1.89  £2.62
Muscle T 1431 {001 T 1294 (001
relaxants No 27.49 27.12 26.40 26.80 2774 2690 2623 2674
+349 334  £339  #358 G 047 702 +53 #358 £370 *3.68 G 023  .878
Ves 27.76 27.28 26.66 2698 G 029 596 2813 2742 2678 2722 G 1.24 276
+3.07  +304  £3.18  +3.09 +313  #3.32  £3.32  £3.00
) T 17.68 {001 T 2035 (001
Steroids No 27.08 26.66 25.87 25.77 2693 2602 2504  24.90
+378 339  $3.23  £3.97 G 0.07 o077 +389  £361 347 +413 GT 048  .699
(3.0 25.41 25.31 24.82 24.32 G 9.04 .007 25.47 24.85 24.18 23.70 G 7.82 on
Albumin 317 £298 286  $353 . oo & 337 £307  $285  #374 (oot
23.0 29.39 2874  27.89 28.49 : . 2022 2838  27.64  28.24 - .
230 254  £201 200 GT 214 105 £274  $304 $342 £235 GT 034 796
< 28.57 28.00 27.20 28.20 2910 2733 2647  26.20
120 £137 132 131 to0 © 033 T2 yo5  i104 134 +00 © 020 .82
121- 27.64  27.01 2624  26.48 2753 2676 2592  26.34
Blood o9 1343  £340 +341 345 1 717 (000 595 1376 i34 3g7 1 1309 (001
glucose
> 28.18 28.08 27.95 27.60 2850  28.03 2750  26.93
200  +360 +300 +298 332 OT 107 389 5%, 1380 334 +334 ©T 110 372
1 1(1 . 26.47 26.23 25.36 2509 G 367 067 2659 2580 2516 2493 G 419 051
Nutritio ’ +3.16 %291 265 %298 +302 £290 %273 %299
Znal N T 1956 {001 T 2033 (001
intake % 28.86 28.12 27.69 29.17 2017 2840 2750  29.16

+3.00 +3.15 +3.37 +216 G*T 075 527 +3.35 +3.58 +3.83 +2.51 G*T 0.16 923

BMI=Body Mass Index;
APACHE lll=Acute Physiology and Chronic Health Evaluation lll
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Table 4. Changes of Thigh Circumferences according to Related Factors

(N=27)
Left Right
Day1 Day3 Day5 Day7 Day1 Day3 Day5 Day7
Categories (n=27) (n=27) (n=27) (n=19) F P (n=27) (n=27) (n=27) (n=19) F P
MtSD  M#SD  MSD  M#SD MtSD  M#SD  M#SD  M%SD
Male 40.12 39.26 38.47 37.60 G 9.65 005 40.23 38.97 37.88 37.51 G 9.30 005
422  +399  #3.69  *3.75 +435  +4.40 +430  +4.24
Sex Femal 3572 3450 3342 3288 1 3137 (001 3559 3406 3306 3276 1 3001 <001
e +392  #359 #3622 +512 GT 049 689 370 +3.87 345 503 G 006  .979
<59 4083 3976  39.07 3836 G 11.82  .002 4061 3923 3835 3822 G 824 .008
= +4.33 +4.15 +3.90 +3.88 T 33.35 (001 +4.68 +4.94 +4.74 +4.40 T 33.95 {001
Age >60 3593 3506 3394 3293 36.05 3496  33.68  32.90
2 +329  $333 $304 #351 GT 044 724 4345 +344 288 366 O 017 916
Norma 3622 3553 3478 3423 G 668 .016 3591 348 3396 3423 G 748 .0l
I 291  +278 %262  +294 +351  +3.80 £2.99  £3.58
BMI T 3328 (001 T 3312 (001
Abnor 4060 3938 3840  37.60 4072 3930 3813 3744
-mal +479  +483  +4.83  +493 GT  0.85 473  +453 +466 +4.90 +518 GT 089  .453
<57 4024 3925 3860 3835 G 403 056 40.16 3881 3788 3806 G 307 .092
503  +476 %442  *4.15 +499 511 *4.98 +4.74
APACHE T 3504 (001 T 3482 (001
n >58 3718 3620  35.11 34.14 3711 3596 3479  34.26
+367  +367 +365 +405 GT 040 755 +408 +416 +381 +429 GT 009 .94
ve 3817 3719 3617 3577 G 034 566 37.97 3685 3567 3593 G 026 .614
Mechani S +513  #501 %526 %560 +545  +582 %544  +578
ec! aTnlc T 35.04 (001 T 36.08 (001
ventilator  No 3910 38.11 3736  37.01 3915 3779 3684  36.62
411  +395  #337  +3.17 GT 016 925  +4.03 374 +379 +378 G 069  .560
3717 3613 3583  33.80 3647 3475 3398  33.13
Yes £280 2201 264 246 O 08 362 .30 442 369 359 & 215 155
T 2455 (001 T 2547 {001
CRRT No 39.08 38.11 37.06 37.04 { 39.19 3807 3693  37.09 {
$491 474 *473  #477 G o3 432 484 #476 470 485 o 020 835
3848 3742 3659  36.49
Ves 3874 3799  37.21 3656 G 041 526 00 Je00 1478 smos G 014 707

+4.49 +4.51 +4.48 +4.97
Restraints T 39.63  (.001

38.44 36.90 35.80 35.78

a ab b b
38.81 37.13 35.53 35.62

T 46.13 (001

No £505 443 407 +343 GT 263  .057 ":-99 * :553 *‘;37 * %83 GT 473 .005
Yes 37.86 37.00 35.74 34.88 G 0.14 708 38.12 37.30 35.98 35.38 G €.001 983
_ £381  £379  £360  +3.71 £438  +496 +380 +433
rlaxants o 3883 3782 3703 3675 | 2108 (001 3569 3734 3634 3649 | 1910 (001
$478 1463  *453 476 G 079 504 1488 486 483 505 GT 110 356
G 0.04 .849 38.59 37.61 36.80 36.76 G 0.30 591
Yes 852 37 o k& £474 478 457 504
4. 4, 4. 4, T 4075 (001 a b b b T 4313 (001
Steroids 38.57 36.78 35.22 35.17
3891 3758 3653 3535
No BN a B2 ER o7 25 060 494 500 475  :454 GT 340 023
a b bc c
3.0 3588 3513 3463 3323 G 1230  .002 3544 3405 3337 3283 G 1563 .00
Albumin $228  £248  £237  £2.49 £288  £3.16 +284  +331
T 3005 (001 T 2552 (001
230 4134 4030  39.05  39.15 4138 4021 3896  39.33
£404  £380  +421  £320 GT 198  .127  £400 379 410 308 GT 111  .354
< 3067 3867 3807 36.80 4003 3833 3670 37.50
120 176 153 +160 o0 © 008 927 5 i502  i240 o0 & 003 975
121- 3911 3806 3695  36.82 3906 3772 3656 3670
Blood 199 +484 461 457 x450 1 1935 K001 iy isos  tas3 xag7 1 1839 (001
glucose
> 3780 3713 3638 3548 3813 3713 3670 3570
200 £565 585 603 4612 O 070 654 .54 i57) 1506 4593 O 061 718
. 1(1 , 301 3591 3512 3412 G 583 023 3683 3550 3423 3398 G 654 017
Nutritio- " £350  £357  £355  +3.80 £382  £420 £384  +4.26
“nal N T 3474 (001 T 3492 (001
intake % 4071 3087 3888 4020 4077 3063 3883  40.16

+4.96 +4.54 +4.46 +2.80 G*T 0.33 .803 +4.95 +4.49 +4.29 +2.88 G«T 0.78 521

BMI=Body Mass Index
APACHE lll=Acute Physiology and Chronic Health Evaluation I
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Table 5. Changes of Calf Circumferences according to Related Factors

(N=27)
Left Right
Day1 Day3 Day5 Day7 Day1 Day3 Day5 Day7
Categories (n=27) (n=27) (n=27) (n=19) F p (n=27) (=27) (=27) (n=19) E P
MxSD MxSD MzSD MxSD MxSD MxSD MzSD MxSD

34.22 33.71 33.26 32.74 G 21.67 {.001 34.18 33.90 33.55 32.67 G 2292 (.001

Male +361  $323 %339 +3.76
+3.41 £33 £302 #3791 1316 (001 a ab ab b T 2012 (001
Sex 2872 2819  27.02  26.50
Femal 28.71 2828 2753  26.70
i £2.91 1291 toes 126y ©T 074 532 i§.84 + a2670 + 13618 :i.ao G*T  2.87  .043«
<59 34.39 3374 3320 3303 G 1054 .003 3432 338 3340 3277 G 945 .005
A = +3.58 +3.42 +3.52 +4.10 T 12.34 <.001 +3.85 +3.64 +3.82 +4.19 T 15.22 {001
ge 29.88 2060  29.03  27.93 2092 2968 2884  28.10
260 4346 4347 4327 4289 GT 032 B4 434 4344 1365 +331 ©T 031 819
Norma 30.09 3000 2957 2957 G 646  .018 2993 2978 2928 2957 G 7.40 .012
I +2.81 249 #2119 254 +291  #257 %274  +3.48
BMI T 1233 (001 T 1459 (001
Abnor 34.21 3342 3277  32.08 3431 3377 3305 3191
-mal +420  +435 +452  +508 GT 152 218 417  +424 472 +485 GT 094  .428
<57 34.19 3348 3303 3315 G 516 .032 3414 3362 3312 3309 G 479 .038
+395  #376 %375  +433 422  +400 %427  *4.26
APACHE T 1280 (001 T 1599 (.001
1] >58 30.70 3044 2979 2893 3071 3049 2976 2878
+369  +371 +359 +349 GT 032 808 +364 365 +387 +361 GT 017 915
Yes 31.78 3118 3058 3053 G 074 399 3184 3138 3042 3014 G 088 .358
Mechani +4.15  +429 %444 507 +425 %426  *4.69 508
ik T 1272 (001 T 17.39 (001
ventilator No 3294 3257 3206  31.84 3285 3257 3226  32.06
+422  £369  +346 +373 G 0.18 910  £430 £3.96 +3.94 364 GT 231 0.084
30.88 3095  30.38 2848 30.65 3095 3043 2853
Yes 1363 £329 327 251 G 069 A4 Lau 370 i3g 33 G 061 443
T 826  (.001 T 860 (001
CRRT No 32.81 3217 31.62 31.87 { 3285 3230 31.64 31.72 {
$427  £418  #416  *459 oo 0gs 465 Y430 *421  #452 455 oo 1o 906
Yes 3254 3223 3180 3137 049 490 3249 3232 3175 3109 o .0 e

+4.03 +3.94 +3.72 +4.42

Restraints 3200 3111 3028 3054 1 1497 (001

$4.07 +3.88  +405  £4.60
3206 3124 3048 3094 | 1584 (001

No
£468  £421 455  £484 oo 179 g5y 486 469 513 448 o 110 319
Ves 3204 3150 3104 3020 & o003 857 3202 3162 3106 2988 G o004 847
Ve £340  £328 300 £3.32 £353  £3.41 355  +4.07
relaants o 3246 3199 3142 341 T 731 000 44 3208 3145 3136 1 992 (ool
$436 418 420 +473 GT 008 972 444 428 457  +462 GT 001 .99
Yes fi;g flg? j”lgé flgg G {.001 .947 32.14 31.96 31.42 31.48 G {.001 .987
a a a a T 1771 (001  *443 431 #444  $448 T 1929 (001
Steroids 3283 3199 3100 3012
3281 3208 3129 3012
No £381  $344 395 477 &T 346 021+ 250 208 B N2 er 2m .08
a ab b b
3.0 3017 3009 2064 2850 G 718 .014 2998 2999 2060 2793 G 684 .016
Albumin £335  £325  £308  +283 £347 %346 358  £3.08
T 1025 (001 T 1255 (001
230 3457 3380 3300 3356 3456 3394 3316  33.60
£354  £335 %374 £377 G 135 266 368 1366 432 349 G 157  .207
< 3460 3373 3287 3120 363 w73 3473250
120 177 219 %235 o0 & 020 821 .i96  i304 300 o0 & 031 73
121- 3249  31.88 3138 3152 3246 3196 3125 3113
Blood 199 £417 393 418  x4ea 1 774 000 U3y i424  aer tasg 1 590 001
glucose
> 3180 3180  31.05  30.85 3193  31.85 3130 3098
200 £6.04 £623 531 4507 O 049 816 .59 i550  i542 i565 O 044 847
i, 3098 3051 2977 2864 G 606 021 3091 3065 2981 2869 G 48 .03
Nutritio= " £338  £335 320  £2.97 £332  £326 348  £3.30
nal . T 1120 (001 T 1465 (001
intake | ¥ 3413 3363 3333 3546 3418 3368 3333  35.09

+4.48 +4.14 +4.04 +2.84 G*T 1.57 .205 +4.66 +4.48 +4.64 +3.03 G*T  0.54 .655

BMI=Body Mass Index
APACHE lll=Acute Physiology and Chronic Health Evaluation il
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