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Abstract

Background: Hypoalbuminemia can lead to acute respiratory failure and increased mortality.
Various types of fluid resuscitation are used in critically ill patients, depending on their condition,
and albumin is one of them. However, previous studies on albumin use in mechanically ventilated
patients with hypoalbuminemia remain controversial.

Objective: To study the association between 28-day in-hospital mortality, ventilator-free days
within 28 days, and hospitalization duration in ventilated patients with hypoalbuminemia, compa-
ring those who received albumin replacement with those who did not.

Methods: This single-center retrospective cohort study included 443 mechanically ventilated
patients with hypoalbuminemia (serum albumin < 2.5 ¢/dL) due to septic shock, pneumonia, or
acute respiratory distress syndrome (ARDS), admitted to Phrae Hospital, Thailand, from January 1
to December 31, 2023. Patients either received 20% albumin or did not receive albumin. Primary
outcomes were analyzed using modified Poisson regression with robust standard errors (SEs) to
estimate relative risks (RRs, 95% Cl). Covariates were selected from univariable logistic regression
(p-value < 0.05) and directed acyclic graphs (DAGs) before fitting the final model; interaction terms
were tested and multicollinearity was assessed (VIF < 5). Secondary outcomes were compared
using t-test or Wilcoxon rank sum test.

Results: Within 28 days, 129 of 225 patients (57.33%) in the albumin group and 84 of 218
patients (38.53%) in the non-albumin group had died (RR = 1.34; 95% Cl: 1.09-1.65, p-value = 0.006).
No statistically significant differences were observed in subgroup analyses of patients with serum
albumin < 1.5 ¢/dL, 1.6-2.0 g/dL or SOFA score > 6. However, among patients aged < 40 years in the

albumin group was associated with a significantly reduced mortality rate. For secondary outcomes,
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ventilator-free days within 28 days were significantly lower in the albumin group (p-value < 0.001),

while hospital length of stay was significantly longer compared to the non-albumin group (p-value

< 0.001).

Conclusions: In mechanically ventilated patients with septic shock, pneumonia, or ARDS and

hypoalbuminemia, albumin replacement, compared with no albumin use, did not improve 28-day

survival.

Keywords: hypoalbuminemia; septic shock; pneumonia; acute respiratory distress syndrome; human

albumin
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median (IOR range)

Serum albumin baseline (g/dL); 1.96 +0.03 1.76 + 0.03 2.21 +0.03 <0.001"

meanz SD

Serum albumin after (g/dL); mean+ SD 2.09 £ 0.03 2.12 £ 0.04 2.07 + 0.04 0.367

Change serum albumin (MD) (g/dL); 0.13 £ 0.03 0.35 + 0.04 -0.09 + 0.04 <0.001"

meanz SD

stable GFR (mL/min/1.73m?); 72.0 (36.49 to 71.28 (35 to 76.44 (38.13 to 0.388

median (IQR range) 97.66) 95.46) 101.53)

Serum creatinine (mg/dL); 1.33(0.81 to 1.47 (0.96 to 1.21 (0.71 to 0.038°

median (IQR range) 2.79) 2.79 2.82)

Serum lactate (mmol/L); 2.3 (1.4 to 4.4) 2.4 (1.3 to 5) 2.25(1.4 to 4) 0.581

median (IQR range)

Blood urea nitrogen (BUN) (mg/dL); 29 (16 to 57.8) 36 (19 to 65) 24 (13 to 51) <0.001°

median (IQR range)

Fluid intake (mL); median (IQR range) 1800 1900 1570 0.002°

(1250 to 2480) (1360 to 2550) (1200 to 2300)
Urine output (mL); median (IQR range) 1250 1300 1200 0.116
(800 to 1900) (800 to 2000) (750 to 1750)
TsAgau
qunw‘lmmmi; 518 (Soway) 6 (1.35) 5(2.22) 1 (0.46) 0.216

(YY) a

seoudauiululaany; 578 (Gevay)

Y
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M13199 1 AdnwarlvvesUe (de)

el fileviavin I@sudayliu LailfiSudaysiu -
! (n=443) (n=225) (n =218)

Negative 261 (58.92) 104 (46.22) 157 (72.02) <0.001°

Trace (15-30 mg/dL) 90 (20.32) 62 (27.56) 28 (12.84)

1+ (30-100 mg/dL) 58 (13.09) 37 (16.44) 21 (9.63)

2+ (100-300 mg/dL) 33 (7.45) 21 (9.33) 12 (5.50)

3+ (300-1,000 mg/dL) 1(0.23) 1(0.44) 0 (0.00)
1salenng; 518 (Gevay) 15 (3.39) 9 (4.00) 6 (2.75) 0.602
aglanedeundy; 51 Gevaz) 297 (67.04) 167 (74.22) 130 (59.63) 0.001°
Liilsrladesy; 18 Govar) 283 (63.88) 128 (56.89) 155 (71.10) 0.007°
TsalniSedaszesit 3a: 90 ($osay) 35 (7.90) 25 (11.11) 10 (4.59)
TsalniSadaszesit 3b; 518 Govaz) 23 (5.19) 14 (6.22) 9 (4.13)
TsalniSedaszesit 4: 919 Govay) 21 (4.74) 15 (6.67) 6 (2.75)
Tseladessvesd 5 nRRT; 318 (Zovay) 47 (10.61) 22 (9.78) 25 (11.47)
TsalnEeteszesii 5 fivenle; 510 (Govay) 34 (7.67) 21(9.33) 13 (5.96)
Wlagawudsunay; 118 (Sevas) 59 (13.32) 36 (16.00) 23 (10.55) 0.095
nMsendnla; 918 (Sowas) 38 (8.58) 21(9.33) 17 (7.80) 0.613
AMgaNsIIiY; 118 (Sovaz) 32(7.22) 19 (8.44) 13 (5.96) 0.361
frusausnay; 518 (Govay) 13 (2.93) 3(1.33) 10 (4.59) 0.051
néilelase: 518 Gewag) 73 (16.48) 34 (15.11) 39 (17.89) 0.445
avhledumanitess; 1 Govaz) 87 (19.64) 43 (19.11) 44 (20.18) 0.812
IsAviaandonwLasEIulany; 519 (Goway) 7 (1.58) 4(1.78) 3 (1.38) 1.000
IsAviapRdenaNDIRY; 518 (Gauay) 51 (11.51) 24 (10.67) 27 (12.39) 0.656
Iﬁﬂamuﬁam; 18 (Seuay) 5(1.13) 1(0.44) 4 (1.83) 0.209
Iﬁﬂﬂamqmﬁuﬁa%ﬁ; 518 (5ouay) 49 (11.06) 25(11.11) 24 (11.01) 1.000
Tsauiloudeiieain; 1o Gevaz) 19 (4.29) 10 (4.44) 9(4.13) 1.000
IsAualunseinzons; 1o (Gevay) 42 (9.48) 27 (12.00) 15 (6.88) 0.075
1smdiy; 910 (Sowaz) 0.607

Tsasfuszauiantion 34.(7.67) 15 (6.67) 19 (8.72)

15ARUTEAUUIUNAEITUMSS 41 (9.26) 23(10.22) 18 (8.26)
15AL UYL, 518 (Goeay) 147 (33.18) 79 (35.11) 68 (31.19) 0.242
Sumnasean: e (Sovay) 27 (6.09) 12 (5.33) 15 (6.88) 0.554
mﬁuﬁaaaﬂ; 518 (Soway) 32 (7.22) 18 (8.00) 14 (6.42) 0.776
yrSadindonuy; 1o (Geuaz) 4 (0.90) 2 (0.89) 2(0.92) 1.000
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M13199 1 AdnwarlvvesUe (de)

wisesiemelanaziinngdaylivlubons Tsswerurauns

el ﬁﬂ'mﬁ'\muﬂ I@sudaysiu LiildiSudaysiu —_—
' (n=443) (n=225) (n =218)
usetenthuides; 1o Gevay) 1(0.23) 1(0.49) 0 (0.00) 1.000
lsatond; 518 (Fovaz) 20 (4.51) 10 (4.44) 10 (4.59) 1.000
CCl score; mean + SD 3.27 +0.13 3.30 +£ 0.18 3.23 +0.18 0.790
SOFA score; mean = SD 7.47 +0.16 771 +0.23 7.22 + 0.22 0.112
< 6; 918 (Goway) 181 (40.86) 84 (37.33) 97 (44.50) 0.147
> 6; 919 (5puag) 262 (59.14) 141 (62.67) 121 (55.50)
Organ failure score; mean + SD 299 + 1.20 316 + 1.24 282+ 1.14 0.003'
Iuanuusnivaulasudayiiv
median (IQR range) 6 (2 to 11)
mean + SD 8.99 + 10.77
lasudayiunielu 24 Filus; e Govag) 38 (16.89)
Sruautuilasusayiiu
median (IQR range) 2(1tod)
mean + SD 4.39 + 7.29
Srunusayiuilasu
median (IOR range) 6 (4 to 10)
mean + SD 7.94 + 7.36
§ Fisher’s exact test
T Independent t-test
$ Wilcoxon rank-sum test
M51a7 2 SrsmsideTinnnelu 28 Yu vestheildiusayiuuaslilasusayiiu
@sudayaiu Lail@Sudayliu ansnsdedinanelu 28 Tu
Mode! (n=225) (n=218) RR (95% CI)° p-value
Unadjusted 129 (57.33%) 84 (38.53%) 1.49 (1.21-1.82) < 0.001
Model 1° 1.49 (1.21-1.83) < 0.001
Model 2° 1.35 (1.10-1.66) 0.004
Model 3° 1.34 (1.09-1.65) 0.006

“ Model 1 adjusted by age and gender

® Model 2 adjusted by significant baseline characteristic (NM3«13nwitunedUaedngs nsnaussnwigily 30 Ju nsldsu furosemide fin

Welunsyuaden Fanannisinie Ueauin madiumgladumaideundu waznnelanedeundu)

“ Model 3 adjusted by Model 2 + propensity score (age, SOFA score Szﬁum’miwmmaﬂiﬂmﬂLaumaklé’umauawwﬁu serum albu-

min baseline)

< Relative risk (95% confidence interval)
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nlasudayiuiaudssgeniingulilasudayiiu

Y

aglitudAlunniuuinass deuandunnsen 2
HANMTIATIZYINgUdovamadNsMan WU

adjusted RR = 1.39; 95% Cl: 1.09-1.76, p-value =
0.008 waau) dwTugtheeny > 80 U wuadu-
deafinanntudniosuniitudfay (adjusted RR =

1.094; 95% Cl: 1.093-1.095, p-value < 0.001) W#
Tugfiifl SOFA score anARIWSaintU 6 Wiesedy

dayfivludeniugiu < 1.5 ¢/dL %39 1.6-2.0 g/dL
FomsnsidediInnelu 28 Julduanstsiueenedi-

lunquiUreegtiesndt 40 U mslasudayiiudunus
fupnudsdunisdeinnielu 28 Yuanasegadi-
HedAgyN19adf (adjusted RR = 0.53; 95% Cl: 0.29-
0.98, p-value =0.043) YnuziiEftree1y 40-59 U uaz

60-79 U Arudssiiudusgniidvdfey (adjusted  dud1An9@ns Aslanslunisd 3

RR = 1.21; 95% Cl: 1.13-1.76, p-value =0.002 wa HaNSANWISeY Szezan1sIdinsoseme-

a a & a1 v & Y] a aa )
M1919N 3 RANT3WAINTVNQULDYVDINAANTVIAN (@Gli']ﬂr]il,ﬁﬂsﬂ'ﬂmﬂr]ﬁiu 28 1)

ansINsideTInnelu 28 Tu

GHERE]
! Adjusted RR® (95% CI)° p-value

018

<40 0.53 (0.29-0.98) 0.043

40 - 59 U 1.41 (1.13-1.76) 0.002

60791 1.39 (1.09-1.76) 0.008

>80 1.094 (1.093-1.095) < 0.001
SOFA score®

<6 1.87 (1.15-3.05) 0.012

>6 1.22 (0.98-1.52) 0.081
Baseline serum albumin

<15 gdL 1.03 (0.56-1.90) 0.921

1.6-2.0 g/dL 1.22 (0.87-1.71) 0.244
agiredliiaTesimela

Fonnnnsinide 130 (1.03-1.64) 0.026

Januiu 1.37 (1.07-1.74) 0.013

aeuneladuvaREUNAL 1.35 (1.09-1.67) 0.006
amglanedeundu

Tof 1.39 (1.09-1.87) 0.009

Tadlag 1.14 (0.76-1.70) 0.517

¢ Adjusted RR by Model 3

® 95% confidence interval

c . . Yo v L = o/ a I3
Sequential organ failure assess score TfinANuTULIWOINNIFAUWMIYRR T 6 svuu (Mela den du Inadew Ussam la) Azuuwiiy
JUUaE 0-4 533 0-24 MTIFBlTnSUUITEAUANNTULTINTEAU 6
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A5199 4 NAN1SAN®ITRS: SEEENAINSIUATRITIeMelakarsEaznaINIsuaululswe1ua

@udayitu Laildsudaydiu
388LIAN p-value
(n=225) (n=218)

szeznamsieseiemela (Tu); 10 (4 to 18) 5(2toll) < 0.001°
median (IOR range®)
seoznanldldindesismelaniely 28 Su (u); 0(0to 11) 23 (17 to 26) < 0.001°
median (IOR range®)
srgzhaINsUeUlTIngIUIa (Ju); 18 (11 to 32) 14 (8 to 22) < 0.001°

median (IOR range®)

? interquatile range ApterAsaEaz 25 Hefewar 75 vasloya

® Wilcoxon rank-sum test MageusznINg 2 nuiidinsuanuasiuuliuni

Tawagszoznmmsueululsmeuia wuinguils-
Susayiuiiszeznailunisliiaiestiemelasn-
w1un (p-value = 0.001) Siszazinaliliindostng
melanielu 28 Juleunin (p-value = 0.001) wazil
svpvanIsueulsmeNUafis Uit eite-

al

d1AyNn19ads (p-value = 0.001) Weliguiungy
Lilasudayiiu dwwandlunisned 4

anUstewa

o
A

ASANYINTINQUTAIALNBANYIANUAUNUS

q

29995115 E8TIRA8TY 28 U szesnantlly
d‘ 1 >
winsemelaniely 28 Ju wavszeziailunis

o

nwidlulsangruiavesdUieildinsestienela

Y a

filanedayiivludons (< 2.5 ¢/dl) Wibuiiiey
senineftneflesusayiiuuarlilfsusayiiune-
uwny wamsAnwinuIslesusayiulugieild
i3ostremelasinaiizdenainnisialdonde
Januiuvisemaaumelanuraiideunausiuiu
amgdayliuludendesndt 2.5 ¢/dL danuduiius
funsiiindnsimadedinnely 28 SuillewFeu-
Weurunguitlalesusayfiuenadidoddymieada
(RR = 1.34; 95% Cl: 1.09-1.65, p-value = 0.006)

1 v a

winan1sAsevinguegesluUlienilseaudayl

ludeanugiu < 1.5 ¢/dL %39 1.6-2.0 ¢/dL 30
finziuy SOFA > 6 dmIsnsdetinluunneieiy
pgnliladAgysesvinvivaengy  warlunadngses
| av Yo o a N v A |
nauilasudayiiulisvesnanldiniestioniela
wazszeznauaululsmetvaganingunlalasy
dayiiuegaiiiudrdey (p-value < 0.001)
nsAnwidlinaluiianiafednuiun1s@ne
1 Y 1.0 1 2 A a dy A
Aounth'? nenuilugthentenannnisinense
madumeladuwandeundulunguilasudayiiy
= a aa U 1 U (% ! d' M Yo
finsdedinnely 28 Tuliwansnsiunguilalasy
dayiuegadidudfy  waglunguinlilasudayliud
v Y} a aa v ! | oAy vo
wwildufazandnsinsidedialauinniingunlasu

[

Y

9
FAnnelu 28 Tukar 90 TuliuananeiussnIng

naufilssusayiunaznguitlilesusayiiu usluns
A MIMIC-I® gaeilasusayiiunelu 24 dalus
wsn Agdrgandninsdedinanely 28 Juuinnd
naufilaildsusayiu enaitlosnnslasusayily
13 24 Flusndrevilvisuneiiaauainaves
syuulvaisulafinlusninie  (hemodynamic  sta-
bility) vilianauguLsveInenIsiugladu-
wad Snauie PaO /FiO, FeoziTunadsensld
wpstnevelafiduas
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wansAnwsosnUInguilasusayiufisses
nalunsltintestiemelauarszaznanlunsusy
Tulssweuiafisnuuniy uazszeznanhiliinies
tremelanelu 28 Tuiidunit Tssdaneldings
fldsusayiufinnusuussweamainmadiumela
auwmandsunduluseAUTULTININNTT LagsERu
dayfiuluideasuduiisnniinguitldldsudayiu
Fatty Fesuduiiazdodldiaiosdiomelaiiunuuas
Junalszoznanmsueululsmeuiauiudy 3
donAaeIiuNIAn®Ives McNeil wazme”

nsldnugARAILUTIN univariable logistic
regression i p-value < 0.05 fifeRlunisansiuiu
audslududnnses Wumsaneundes overfitting
Sovunaegisvidediuumnnisaliisaia ilila-
WA uekaziiANNIINITas uidipsivednrinuay
amf Toun nsanvauvesiiulsniuddey n1sflen
YUIAFIDENUINAL N19LEBNAIRUIIIN p-value
e selection bias sawvinIsTINfkysRaUNUM
(mediator/collider) uanmnﬁma’iﬁﬁauﬂaﬁugm%m
Fuapdaiidnuusvanesifanuunnsesyninangs
ogsiifodfmeadia Wy sedusayiiuBudu ns
WshwiluvesheIngm seiuaLTuLsadlsAnIe-
Wungladumanideundu e Pa0 /FIO_uazn-
wlanedeundu Wui ANuLANANSEHINgY
wiantlenadswarilidarudssgsionindeTiaves
nduitlésudayfudausiu nstionflunadenlisa-
yiiulugUreniin (confounding by indication) wa
mslailf3usayiunely 24 §2lus (mmortal time
bias) Fsenadsnalinguiilasudayiuiszoznans
THiedestemelanarsroznanisuoulssmeuia
gruuninguiildlésusayiu neideilddans
AnuuanAsiuguiiesnede s fauazanond
YaawUsnIu oA nsUSudwUssamanefiauys
(multivariable) NM1351897%4 RR /e modified Pois-
son with robust standard errors Usumuysnang-
syaululueg 1-2 vinsUsu prosensity score Tu

luna 3 audiun1sdnnisteyagamenie MICE

o

warn1sAniLUssnduain DAGs wafilsnasusu
ALUINILLEY AN UEIENIeNIslasudayiiu
Aunadetinniglu 28 JudsndidedrAgynisana

(RR = 1.34; 95% Cl: 1.09-1.65, p-value = 0.006)

d3UNaN1539Y
Jihedliesostiemelaninanizdenain
nshadondeveatiunievufumeleduman
Beundunazilsziudayiiuludendldsusayiu
ynouny lildifinsnsnmssendinanelu 28 Ju 1l
Wiguiiguiunshilasudayiu
YadinvaIN1sAne
nsAnuEdunmsfinuuuuivdoyadeunds
ngrudeyadiinnsednduazivszifounedlse-
weuna vilvideyatignifudauinauanysalasu-
frursnmsdnuuasiariag Snitdlunsnunlalld
Autladeniudu q fenadunansenulidiudnsnis
FoTin 1wu navssdunisindelasld APACHE
score %30 Mews score waznisiiudoyadnsna
Yoensinwdy  sudssiamdayiiudslilete-
Aviufindaandiguasldsunelu 24 $lus uses
Jumsiamdayfiudediiefionnsugas Bnvieu
waznatunsiasudayiuvesriieudarneondae
linsafudeyanniignduiinlussuuveslsmenuia

JoLausuu

1. msiimafiuteyatiadoniudu q fieraduwa
nsEnUREsRTINSETIn Wy nsUsudiunsinge
el APACHE score 1130 Mews score #3aa9ona
Y9INTINTU 9

2. mydnAndayiiu msTaviuiinginelasusa-
yiunelu 24 Halus

3. ASODNLUUNITIVULUY prospective study

ialviladeyanignaesnsuniu
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