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Evolution of resuscitative fluid selection.
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Hinh minh hoa & trén c6 thé cé chut thu vi, nhwng diéu nay thuc sw phan anh nhirng thuc
tién khac nhau ma téi da gép trong qua trinh dao tao va hanh nghé. Cach day vai nam,
khoa ICU tai Bénh vién da khoa Genius da hau hét chuyén tir NS sang Lactated Ringers
(diéu nay khong khé ciing khéng drama gi ca). Gan day, viéc héi strc dich huéng pH da
tré nén ngay cang phé bién.

Sw lya chon dich cé 18 khéng tao ra nhiéu khac biét cho hau hét bénh nhan. Tuy nhién,
diéu tri bang dich 1a mét can thiép cwc ky phd bién. Khi tan dung sb lwong I&n bénh nhan
dwoc truyén dich, ngay ca nhixng khac biét nhd vé hiéu qua ciing c6 thé quan trong (vi
du: NNT 1a 30 hodc 50). Cudi cung, dbi v&i nhivtng bénh nhan bj tdng kali mau hoac
nhiém toan chuyén hoa, lwa chon chéat 1dng cé thé cuc ky quan trong.

Dich tinh thé vs dich keo

Vai tro cua dich keo (albumin)?

« Cudc tranh luan vé dich tinh thé va dich keo c6 thé van tiép tuc, nhung sé
gidm di it nhiéu. M&c du albumin dwgc hé tro nhiéu vé mat ly thuyét, nhung
that ra khéng co béng ching Id&m sang nao hé tro thwc sy ca. Trong thyc té,
dich tinh thé thworng dwoc wa thich vi né ré hon va san co hon.

« Hién nay, albumin dwérng nhw dwoc chi dinh chii yéu cho muc dich hd tror chire
nang than & nhirng bénh nhan bj xo gan, bao gom:
o X tri viém phuc mac do vi khuan tw phat.
e Xt tri hgi chirng gan than.
e Dw phong héi chirng gan than sau khi choc dich bang khoi lwong 1&N.

Hetastarch la chat doc !

« Hetastarch 1a mét loai dich keo téng hop ré tién.

« Nhiéu RCT I&n,chat lwgng cao da chi ra rang né gay ra suy than va cé thé
tang i 1& t& vong trong nhiém tring huyét.

o Canh bao da dwoc dwa ra b&i FDA va ca European Medicines Agency
khuyén cdo khoéng s dung hetastarch.

« Ky la thay, Hes tiép tuc dwoc ban bdi cac cong ty dwoc phdm va van con trén
danh muc thuéc tai nhiéu bénh vién.

« Khéng c6 phap ly y té hodc bang chirng nao cho viéc st dung hetastarch.


http://pulmccm.org/main/2013/critical-care-review/fda-warns-against-use-of-hetastarch-in-icu/
https://pulmccm.org/critical-care-review/fda-warns-against-use-of-hetastarch-in-icu/
https://www.ema.europa.eu/en/medicines/human/referrals/hydroxyethyl-starch-solutions-infusion
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Co s& ly luan dé chuyén tir NS sang dich tinh thé can bang

« (1) Khéng bao gi® c6 bat ky ly luan vé mét sinh ly nao dé s dung NS dau tay.
Hau hét cac ly do dwoc dua ra dé hé tro viéc st dung NS khéng dwa trén sinh
ly hodc bang chirng (vi du: gia ré, thwéng dung).

« (2) NS |am trAm trong thém nhiém toan. Diéu nay c6 thé gay ra van dé - dac
biét Ia khi bat dau trén nhirng bénh nhan nhiém toan ndng (diéu nay khong
hiém & nhirng bénh nhan nang).

« (3) NS da dwoc chirng minh 1a 1am trdm trong thém tinh trang tang kali mau
(bang cach gay nhiém toan lam dich chuyén kali ra khoi t& bao) (O’Malley
2005, Khajavi 2008, Modi 2012, Weinberg 2017).

« (4) Trong mé hinh ddng vat, NS gay ra tac hai dang ké so véi dich tinh thé can bang
(vi du: nhiém toan hon, chirc ndng tim bj suy yéu, rdi loan déng mau, gidm chirc
nang than va tir vong) (Kellum 2004, Orbegozo 2016). O ngudi, hai RCT da chira
rang NS c6 thé gay rdi loan huyét ddng so véi cac dich tinh thé can bang (Potura
2015, Pfortmueller 2018).

« (5) Tang cloride mau do NS cé thé gay co mach than, lam tang nguy co ton
thwong than. Diéu nay da dwoc thé hién trong moét loat cac nghién clru, gan
day nhatla RCT SALT-ED.


https://www.ncbi.nlm.nih.gov/pubmed/15845718
https://www.ncbi.nlm.nih.gov/pubmed/18569935
https://www.ncbi.nlm.nih.gov/pubmed/22237237
https://www.ncbi.nlm.nih.gov/pubmed/22237237
https://www.ncbi.nlm.nih.gov/pubmed/29121282
https://www.ncbi.nlm.nih.gov/pubmed/14718447
https://www.ncbi.nlm.nih.gov/m/pubmed/27655180/
https://www.ncbi.nlm.nih.gov/pubmed/25185593
https://www.ncbi.nlm.nih.gov/pubmed/29406176
https://www.ncbi.nlm.nih.gov/pubmed/29485926
https://www.ncbi.nlm.nih.gov/pubmed/29485926
https://www.ncbi.nlm.nih.gov/pubmed/29406176
https://www.ncbi.nlm.nih.gov/pubmed/25185593
https://www.ncbi.nlm.nih.gov/pubmed/25185593
https://www.ncbi.nlm.nih.gov/m/pubmed/27655180/
https://www.ncbi.nlm.nih.gov/pubmed/14718447
https://www.ncbi.nlm.nih.gov/pubmed/15845718
https://www.ncbi.nlm.nih.gov/pubmed/15845718
https://www.ncbi.nlm.nih.gov/pubmed/18569935
https://www.ncbi.nlm.nih.gov/pubmed/22237237
https://www.ncbi.nlm.nih.gov/pubmed/29121282

« That thi vi, thir nghiém SALT-ED cho thay loi ich tlr dich tinh thé can bang,
mac du hau hét b&énh nhan dwoc truyén mét lwgng dich twong doi it.

comparison o

Kellum JA 2004 14718447 Animal sepsis study: Moderate hyperchloremic metabolic acidosis causes hypotension.

O'Malley CM 2005 15845718 RCT during kidney transplant surgery: Normal saline causes greater degree of hyperkalemia than LR.

Kellum JA 2006 17035425 Rat sepsis model: Hyperchloremic metabolic acidosis increases levels of pro-inflammatory cytokines.

Khajavi MR. 2008 18569935 RCT during kidney transplant surgery: Normal saline causes greater degree of hyperkalemia than LR.

Wu 2011 21645639 RCT in pancreatitis: Mormal saline results in higher levels of inflammation compared to LR.

Modi MP 2012 22237237 RCT during kidney transplant surgery: Normal saline causes greater degree of hyperkalemia than LR.

Chowdhury AH 2012 22580544 RCT of human volunteers: Saline results in decreased renal perfusion compared to plasmalyte.

Yunos NM 2012 Before-after study: Transition to more balanced crystalloids in critically ill patients appeared to decrease kidney injury.
Zhou F 2014 2433544 Rat sepsis model: Saline results in greater kidney injury and worse short-term survival versus LR.

Potura E 2015 25185593 RCT during renal transplant surgery: Saline resuscitation causes more hypotension versus balanced crystalloid.

SPLIT 2015 26444692 RCT of critically ill patients: No differences found in rates of acute kidney injury or dialysis comparing NS vs. plasmalyte.
Orbegozo D 2016 27655180 Sheep sepsis model: Saline resusditation reduces cardiac & renal function, and hastens death (versus LR).

Weinberg L 2017 29121282 RCT during kidney transplant surgery: Normal saline causes greater degree of hyperkalemia than plasmalyte

Pfortmueller CA 2018 29406176 RCT during abdominal surgery. Study stopped early due to harm (saline was causing hypotension vs balanced crystalloid).

De-Madaria E 2018 29435315 RCT in pancreatitis: Mormal saline results in more patients displaying SIRS criteria compared to LR
SALT-ED 2018 254855% Cluster-randomized trial of patients in emergency department: Mormal saline increases renal injury versus LR.
SMART 2018 29485925 Cluster-randomized trial of critically ill patients: NS increased the composite of death or kidney injury versus balanced fluid

Very brief summary of evidentiary basis supporting the use of balanced crystalloids. Due to the large number needed to treat (NNT), it's difficult to definitively
prove benefit from balanced crystalloid within a RCT. However, cn the whole there is a substantial volume of basic science and clinical evidence indicating that
normal saline (and its consequence, non-anion-gap metabolic acidosis) may be harmful. On the flip side, there is essentially no evidence that saline is superior to
balanced crystalloid.

he Internet Book of Critical Care, by @PulmCrit

Lap luan vé viéc sir dung NS & tai sao n6 khéng dang!

e “NSréhon!

« Lactated Ringers chi dat hon ~ 25 cents méi lit va chénh léch chi phi cla
Plasmalyte/Normosol khéng 1&n hon nhiéu. Nhitng khac biét nay don
gidn |1a khéng dang noi khi ma hoéa don vién phi ctia bénh nhan co thé
gia tri hang ngan dé la. Ngoai ra, st dung dich tinh thé can bang c6 thé
tranh dwoc nhu ciu sir dung bicarbonate IV va/hoac loc mau - gidp tiét
kiém mot khoan tién dang ké.

o “T6isé dd 2 lit NS sau d6 chuyén qua dich tinh thé can bang sau.”

« DAu tién, khong ai lam diéu d6. Néu cac bac si va y ta trong don vi ciia ban
da quen véi viéc cho NS va bénh nhan gp sw ¢b, ho sé tiép tuc cho NS. Ho
sé khéng kiém tra xem triedc dé bénh nhan da dwoc cho bao nhiéu NS.

e Th hai, tht* nghiém SALT-ED cho théy lgi ich lam sang tw dich tinh thé
can bang co thé xay ra ngay ca khi chi str dung mét lwgng nhé.
o “Lactated Ringers khéng an toan khi tang kali mau.”
« Lactated Ringers 1a tbt trong tang kali mau. Trong thuc té, NS mai |a
chdng chi dinh trong tang kali mau (xem thém & day).

* “Lactated Ringers sé gay tang lactate mau.”


https://www.ncbi.nlm.nih.gov/pubmed/29485926
https://emcrit.org/pulmcrit/myth-busting-lactated-ringers-is-safe-in-hyperkalemia-and-is-superior-to-ns/
https://emcrit.org/pulmcrit/myth-busting-lactated-ringers-is-safe-in-hyperkalemia-and-is-superior-to-ns/
https://www.ncbi.nlm.nih.gov/pubmed/29485926

* Bolus 30 cc / kg Lactated Ringers cé thé 1am mirc d6 lactate 1én ~ 0,5 mM
(30037514). Nhitng thay dbi clha lactate 1a t6i thiéu va s& mat di nhanh
choéng, bdi vi gan cwe ky "ldo luyén” trong viéc chuyén hoéa lactate. Néu ban
dang dwa ra quyét dinh |am sang chi trén co s& moét sai léch rat nhd, thi ban
ciing dang s dung mot gia tri lactate sai do sai s6 clia phong xét nghiém.

« “Lactated Ringers khéng twong thich v&i 1 sé thudc (vd: ceftriaxone).”

« Day khong phai 1a van dé& néu bénh nhan cé du dwong truyén IV. Hon niva,

Plasmalyte khéng chira canxi, do d6, né twong thich véi nhiéu loai thuc hon.
+ ‘Lactated Ringers khong twong thich véi mau.”

« Day dwong nhw la mét bi an. Lactated Ringers chva 1,5 mM canxi. Néu
nong do canxi nay khién mau dong cuc, thi chirng tang calci huyét nhe sé
dan dén cac van dé dong mau gay chét ngudi (thuc té khéng phai vay!).
M6t s6 nghién clru da phat hién ra rang Lactated Ringers c6 thé twong
thich vai truyén mau(9568658, 19340493, 1866680).

Cac nghién ctru dang thwc hién vé NS so véi dich tinh thé can bang

Vincent and De Backer Criticel Care (2016) 20:250

DO 1.1 186051 3054-016-1435-x Criti{al Care
Saline versus balanced solutions: are @

clinical trials comparing two crystalloid
solutions really needed?
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Jean-Lowis Vincent' and Daniel De Backer

Note the date af this publication - 2016! This fine of argumentation already
made sense before publication of the SALT-ED and SMART trials

« Céc nghién clru sau hon dang duoc tién hanh lién quan dén viéc lwa chon
NS so v&i dich tinh thé can bang. Tuy nhién, khéng rd liéu ching ta cé thuc
sy can bat ky thir nghiém bd sung nao khéng (Vincent 2016):
« Khéng cé ly luan sinh ly ndo cho viéc str dung NS & hau hét bénh nhan.
« Gan nhu tat ca cac di¥ liéu vé sinh ly, trén dong vat va 1am sang c6 sén cho thay cac
loai dich tinh thé can bang |a vuort troi.
« N6 xac nhan rang NS sé gay ra nhiém toan va téng cloride mau
(day la thuc té).
« Tai thoi diém nay, chi cé hai chién lwg'c mach lac va hop ly ton tai, dwoc hién thi
dwoi day:


https://www.ncbi.nlm.nih.gov/pubmed/30037514
https://www.ncbi.nlm.nih.gov/pubmed/9568658
https://www.ncbi.nlm.nih.gov/pubmed/19340493
https://www.ncbi.nlm.nih.gov/pubmed/1866680
https://ccforum.biomedcentral.com/articles/10.1186/s13054-016-1435-x
https://ccforum.biomedcentral.com/articles/10.1186/s13054-016-1435-x
https://www.ncbi.nlm.nih.gov/pubmed/30037514
https://www.ncbi.nlm.nih.gov/pubmed/9568658
https://www.ncbi.nlm.nih.gov/pubmed/19340493
https://www.ncbi.nlm.nih.gov/pubmed/1866680

Logically coherent app roaches to saline vs. balanced crystalloid

[ Do you believe that pH, hy perchloremia, or acidosis matter? ]
Yes No
- Use any fluid (e.g. normal saline)
Use balanced crystalloid - Stop che cking electrolytes
- Stop che cking any ABGs or VBGs

Saline causes acidosis and hyperchloremia. Thus, it's illogical to use normal saline and then worry about hyperchloremia or pH.

-The Internet Book of Critical Care, by @PulmCrit
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Lwa chon dich tinh thé can bang

composition of comm only used crystalloids
Na* 140 154 130 140
K+ 4 4 5
Catt 2.3 1.5
Mg*+ 1 1.5
Cl- 104 154 109 98
Lactate" 28
Acetate” 24
Gluconate” 23
Osmolarity 285 308 274 295
SID 0 28 27

All concentrations are listed in mM, except for osmolarity (in mOsm).
*Sodium gluconate appears to be excreted in the urine unchanged (rather
than being metabolized into bicarbonate). So gluconate doesn't effectively
function as an alkali.

The Internet Book ef Critical Care, by @PulmCrit

Thao luan vé cac anion khac nhau

o Sodium lactate
« Trwdc day, viéc sir dung Lactate rat dang so (do co thé 1am xAu di tinh trang nhiém
"toan lactic"). Diéu nay la khéng thé, vi sodium lactate khéng phai la mét axit.
« Lactate c6 thé hoat ddng nhw mét loai "nhién liéu" gitip trao ddi chat cho tim, vi
vay du sao di niva thi lactate c6 thé la tét. Truyén natri lactate (ru trvong
da dwoc chirng minh la cai thién chirc nang tim (Nalos 2014).


http://ccforum.com/content/18/2/R48
https://ccforum.biomedcentral.com/articles/10.1186/cc13793

« In vivo, lactate s& dwoc chuyén hoa rat nhanh thanh bicarbonate b&i gan (tr

khi b&nh nhan bj suy gan ti cap).
e Sodium acetate

« Chuyén hoa rat nhanh thanh bicarbonate.

« Thiéu tac dung cd loi cho tim cla lactate. Néng d6 acetate qua mirc c6 thé
gay gidn mach va ha huyét ap, nhung diéu nay khéng anh hudng dén lam
sang (acetate dwoc chuyén hdéa nhanh chéng va chi tac déng thoang qua).

e Sodium gluconate

e Méc du dwoc cho la chuyén héa thanh bicarbonate, nhung diéu nay
duwdng nhw khéng xay ra - vi vay natri gluconate khéng hoat dong nhw
mot chat kiém (khéng gidng nhu natri acetate va natri lactate). Cé nghia
la Plasmalyte anh hwdng dén pH cling twong tw nhw Lactated Ringers.

o Natri gluconate hau nhw dwoc loc hoan toan bai than. N6 tham chi co thé
hoat ddng nhw mét chét loi tiéu tham thau.

Chéng chi dinh cua Lactated Ringers

« Nhirng diéu sau day khéng phai la chéng chi dinh:

o Tang kali mau (xem thém tai day).

« Xo gan ho&c ton thwong gan (néu bénh nhan khéng suy gan thi né sé cé
thé chuyén hoa thanh lactate).

« Chéng chi dinh that sw (tuy nhién tat ca déu la chéng chi dinh twong dbi):

« Tang 4p luc ndi so - Lactated Ringers vé& mat ly thuyét c6 thé 1am x4u di
diéu nay, b&i vi né hoi nhwoc trwong. Cho mét lit LR sé& cé tac dung gan
nhw twong dwong voi viec cho moét lit NS cong véi mét lidu thube pha
trong ~ 150 ml D5W. Vi vay, day khéng phai la mot van dé Ién, nhung nd
ciing khéng ly twéng. Dbi véi moét bénh nhan da biét co tang ap lwe ndi so,
plasmalyte sé thich hgp hon.

« Nhiém axit lactic lién quan dén metformin - Trong tinh huéng lam sang
nay, bénh nhan thuc sy cé thé gdp khé khan trong viéc chuyén hoa
lactate. Tuy nhién, lwu y rang cac LR c6 chira natri lactate - vi vay né sé
lam tdng mirc d6 lactate ma khong gay nhiém toan (xem thém tai day).

o Tang calci mau nang - Lactated Ringer c6 1,5 mM canxi, sé khéng lam
ndng thém tinh trang tang calci mau (c6 thé sé& lam gidm canxi mau, vi n6
c6 ndng d6 canxi thap hon so vé&i mau ctia bénh nhan). Tuy nhién, day
cling khéng phai 13 loai dich tdi wu (xem thém tai day).

« Nhin chung, cac chéng chi dinh dbi véi LR thworng khéng phd bién va kha la
nhe. Ngoai ICU than kinh ra, LR sé& 1a lwa chon tuyét v&i cho ~ 95% bénh
nhan va |a lya chon an toan cho gan nhw tat ca bénh nhan.



https://emcrit.org/pulmcrit/myth-busting-lactated-ringers-is-safe-in-hyperkalemia-and-is-superior-to-ns/
https://emcrit.org/ibcc/metformin/#volume_resuscitation
https://emcrit.org/ibcc/hypercalcemia/#treatment
https://emcrit.org/pulmcrit/myth-busting-lactated-ringers-is-safe-in-hyperkalemia-and-is-superior-to-ns/
https://emcrit.org/ibcc/metformin/#volume_resuscitation
https://emcrit.org/ibcc/hypercalcemia/#treatment

Contramdications

Effect on pH

Effect on scdium

Effect on
potass ium

Effect on

S

- Elevated intracranial - Metformin-induced lactic

pressure - acidosis?™
- Metformin-induced lactic
acidosis™ (7o strong confraindications)

- Severe hypercalcemia

- Bath fluids have eguivalent effect on pH.
- Will tend to gently pull bicarbonate level towards normal.

Evtremely weak effect, may

tend to pull sodium gently
towards ~130 mM.

Extremely weak effect, may tend
to pull sodium gently towards
~140 mh.

- Both fluids are safe in hyperkalemia (and preferred to NS).
- May tend to very gently pull potassium towards a normal level,

Lacks magnesium Slightly supraphysiclogic Mg

concentration, which may help
avoid hypomagnesemia {but
won't treat hypomagnesemia)l,

magnasinm

Lacks calcum {arguably the
crystalloid of choice for patients
with hvpercaleamia),

Slightly supraphysiclogic Ca
concentration, which may
help avoid hypocalcemia.

Effect on caleium

Doesn't contain calcium, which
may improve compatibility with
drugs {compared to LR).

Compatibility Calcium causes
with various incompatibility with some
drugs medications.

Sodium lactate is a Sodium acetate & gluconate
physiologic anion which may aren’t terrific anions, but this may
improve cardiac funchion. not be important {acetate is
Arguably the better choice for  rapidly metabolized into

anion. bicarbonate).

Anlon quality

Cost & avatlability - Cheaper (small difference)
- More widsly available

- Slight!y more expensive
- Availability more vanable

- Mo comparative trials showing benefit of one over the other.

- Historcally Lactated Ringers has been used more widely and it
may have a shghtly stronger evidentiary basis overall (e.g. SALT-
ED trial used mostly LR).

Evidence baszic

Currently lactated ringers and plasmalyte both seem like very good balanced crystalloids,
without any cdear evidence regarding which might be better. This table focuses on
differences, but for the vast majonty of patients these fluids are interchangeable.
*Metformin-induced lactic acidosis may interfers with the metabaolism of both sodium lactate
and sodium acetate. See that chapter for further discussion of fluid selection.

Dich tinh thé can bang ly twéng nhat?

« Khéng c6 sw khac biét Ién gitra cac loai dich tinh thé can béng khac nhau va
c6 thé chi anh hwéng t6i thiéu trén 1am sang.

o Lactated Ringers n6i chung la mét Iwa chon tuyét voi vi no ré, san cé va phu hop
vé mét sinh ly (sw Iya chon cua lactate nhw mét anion dwoc cho la vuot trdi hon so
vOi gluconate / acetate).

o Plasmalyte ciing la mét lwa chon tuyét voi, co thé vwot troi trong
cac tinh huéng ma Lactated Ringers gép cac chdng chi dinh
twong dbi (liét ké & trén).
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Khai niém chung

« Sw chuyén dbi tir NS sang dich tinh thé can bang (Buéc |, & trén) tap trung
chii yéu vao viéc cac tranh tac hai tir dich (vi du nhw téng cloride mau). Tuy
nhién, chung ta co thé dwa khai niém nay thém mot buéc niva dé st dung
dich tinh thé nhdm cai thién tinh trang pH trén bénh nhan.
o Dich nén dwoc xem nhw 1a mét loai thudc.
« Ciing gibng nhw chung ta sé& khéng cho bénh nhan sir dung khang sinh bira bai,
chang ta khéng nén db dich bira bai - dich nén dworc lwa chon ky dé téi da hoéa loi ich.
« Diéu chinh pH bang hdi strc dich 1a mét co hoi, nhwng né cé nhiéu han ché.
« C6 thé phai can mét khdi lwong Ién dich dé anh hwédng dén pH cia bénh nhan.
« Sau khi bénh nhan da dwoc hdi strc bang dich, co' hodi nay sé méat di (vi khdng thé
cung cap thém moét khdi lwong 1&n dich ma khéng gay qua tai thé
tich).

pH bat thworng c6 thé diéu tri véi dich tinh thé



« (1) Toan chuyén héa khéng anion-gap - Non-anion-gap metabolic acidosis (NAGMA)

« Diéu nay vé co ban dai dién cho su thiéu hut bicarbonate (du cho
bicarbonate bi mat qua phan hay nuwdc tiéu).

« Bénh nhan c6 chirc nang than binh thwdng cudi cuing sé tai tao bicarbonate,
nhwng diéu nay can thdi gian. Hon niva, nhirng bé&nh nhan ndng thwdng cé
suy than hodc nhiém toan 6ng than lam kéo dai sw phuc hoi cia NAGMA.

« Truyén dich bicarbonate la mét diéu tri hop ly vé mat sinh ly va dwoc
chap nhan dbéi véi NAGMA.

e (2) Toan chuyén héa do téng ure méau - Uremic metabolic acidosis

e Hau hét cac dang toan chuyén héa cé anion-gap (vi du nhiém toan lactic
hodc nhiém toan ceton) khéng dap (rng thuan loi v&i bicarbonate V. M6t
ngoai lé ctia dang nay cé thé la nhiém toan chuyén héa do tang ure mau.

« Bicarbonate ngoai sinh tir lau da dwoc cac bac si than hoc str dung trong
né lwc cai thién pH va tranh phai loc mau. Diéu nay gan day da dwoc xac
nhan trong thir nghiém BICAR-ICU, trong dé bicarbonate da giup giam nhu
cau loc mau & bénh nhan tang ure mau (xem thém & day).

« (3) Kiém chuyén hoa cép - Acute metabolic alkalosis

« Hau hét cac dang nhiém kiém chuyén héa dwoc thiy trong ICU 1a man
tinh (vi du: nhiém kiém chuyé&n héa man dé dap (rng bu trir véi nhiém toan
hdé hap man). Nhiém kiém do bu trir phéi duoc xem xét riéng.

« Nhiém kiém chuyén hoéa cép rat hiém gap. Vi du do &n phai mét lwong
I&n chat kiém, loi tiéu thé tich I1&n (contraction alkalosis) hodc méat dich da
day (nén mdra, hat NG lién tuc).

« NS Ia mét liéu phap hop ly cho nhiém kiém chuyén hoéa cép, béi vi n6 sé
gidm nong dd bicarbonate huyét thanh tr& lai binh thuéng.

« Lwuy rang nhirng b4t thwerng sau day khong thé diéu tri bang dich tinh thé:
« Nhiém kiém chuyén héa man la sy bu trir cho nhiém toan hd hdp man.

« Toan chuyén hda cé anion-gap ngoai trir toan do tang ure mau (vi du
toan lactic hoac toan ceton).

Hoi strc hwéng pH

pH-guided resuscitation

[ Patient who requires large-volume fluid resuscitation ]

|

Assess metabolicacid-base abnormalities ]

Non-anion-gap metabo lic acidosis Acute metabolic alkbalozis No pH disorder treatable with
Uremic acidosis erystalloid

alkalinize acidify malicbais
. Lactated R -
Isotonic Bicarbonate . 1 45 al.e N;HEE‘I'S, 1
(DSW with 150 mEg/L sodium 0.9% saline asmalyte. Normosol,
bicarbonate) or any other ba lanced
erystalloid

[ Reassess electrolytes & volume status ]

|

[ Ifremains substantially hypovolemic then repe at...

pH-guided fluid resuscitation refers to the concept that resuscitation represents a one-time opportunity to fix certain pH
abnormalities that are responsive to acidic or alkali fluid infusion. Since such therapies typically require a large volume of infused
fluid, treatment of the pH abnormality must occur simultaneous with the initial fluid resuscitation.
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« Diéu nay kha don gian - chi yéu 1a danh gia tinh trang pH clia bénh nhan va liéu
viéc lwa chon dich IV ¢6 thé cai thién pH hay khéng.
o Bicarbonate IV cé thé hiru ich khi co sy thiéu hut bicarbonate:
« Thiéu hut bicarbonate (tinh bang mEq) cé thé dwoc wéc tinh bang cdng cu tr MDCalc.
« Mai lit bicarbonate dang trwong chira 150 mEq bicarbonate (xem thém bén
dwoi).
e NOi chung, tranh cho bénh nhéan nhiéu hon 80% lwgng bicarbonate thiéu
hut & ngan ngira sy diéu chinh qua murc cGa nhiém toan chuyén héa.
« Trong diéu kién thiéu bicarbonate, natri acetate cé thé dwoc str dung thay thé.

Hoi strc dich hwéng pH 1a quan trong nhat trong toan chuyén héa do ting ure mau
« Day co I8 |4 tinh hudng phd bién nhat dwoc hwdng loi tir hdi stre huwéng pH.

e Bicarbonate déng trwong cé thé cai thién dod pH va giup tranh loc mau. Ngoai ra,
néu bénh nhan da dwoc hdi strc di dich ma trong dé khéng cé bicarbonate
déng trwong, sé& khéng thé cung cép thém cho ho mét lwong bicarbonate day
da(nhirng bénh nhan nay thwdng cé thiéu niéu, do dé tiép tuc truyén dich cé thé
gay ra phu phdi).

« Nhirng bénh nhan nay thwéong téng kali mau - diéu nay ciing sé& dwoc cai thién
bang bicarbonate dang trwong (thao luan thém trong chwong vé téng kali méu).

Nhin chung, nhitng bénh nhan cé tén thwong than cép tinh, toan chuyén
hoa tdng ure mau va tadng kali mau sé dap &ng rat thuan loi voi
bicarbonate dang trwong, cung véi do sé giai quyét dwoc cac van dé vé
dién giai. Diéu nay c6 thé danh cho ho mét khoang thdi gian dé than phuc
hdi, cé thé tranh phai loc mau.
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Bicarbonate wu trwong va dang truwong
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Isotonic bicarbonate is generally prepared by combining a liter of DSW with three 50-mEq
ampules of sodium bicarbonate. This creates a roughly isotonic solution (~150 mEq/L).

Bicarbonate dang trwong la gi?

« Bicarbonate déng trwong thuworng dwoc diéu ché bang cach thém 150
mEq natri bicarbonate vao mét lit DSW (nhuw trén).

e Mac du day la dich wu trwong nhwng glucose khdng hoat ddng nhw mot
chét thdm thau (vi n6 dé& dang xam nhap vao té bao). Do dé, in vivo, n6 sé hoat
déng nhu mét dich dang truong.

« D5W dwoc st dung vi hau hét cac bénh vién khéng cé nwéc cat vo trung IV
Néu bénh vién cta ban co, tét hon 14 nén dung nwéc v trung dé tao ra
dung dich bicarbonate déng trwong tinh khiét.



% NaHCO; by weight ~1.3% NaHCO; 8.4% NaHCO;

Tonicity 300 mOsm 2,000 mOsm

General properties - Doesn't cause - Doesn't cause significant
hypernatremia volume load
- Large volume required - Will increase sodium
to increase bicarb. concentration
- Will decrease potassium - Doesn't affect potassium
concentration. concentration

Use - Volume resuscitation in - Metabolic acidosis in
patient with acidosis patient with euvolemia
- Hyperkalemia - Emergency treatment of

hyponatremia

- Emergency treatment of
cerebral edema

Cautions - Excess may cause - Excess will cause
volume overload and hypernatremia
hypokalemia - Administer slowly to avoid

significant pCO2 rise

Tha Tr b B mls ~f Cribimal Cars APl ene i
-The Internet Book of Critical Care, by @PulmCrit

Bicarbonate dang trwong va wu trwong

Céc dang bicarbonate duwoc stv dung phd bién nhat 1a bicarbonate wu
trwong (khéng pha) va bicarbonate dang trwong, nhw so sanh & trén.
Lwong bicarbonate wu trong c6 thé str dung bi gi¢i han b&i ndng d6 natri.
Mbi 6ng bicarbonate 50 ml sé& lam ting ndng d6 natri khoadng ~ 1-1,5
mEq /L. Can than trong khi truyén lap di Iap lai vi co thé gay tang natri

mau.

Lwong bicarbonate dang trvong co thé st dung thuong bj gici han boi
sw qua tai thé tich. M6i 150 mEq bicarbonate di kém v&i mét lit dich.

CO2 hoa tan & téc dd truyén bicarbonate dang trrong

Bicarbonate tinh mach chtra ca bicarbonate va CO2 hoa tan. Vi dy, néng d6 pCO2
trong mot &ng bicarbonate c6 thé 1a ~ 100 mm.

Following administration:

CO2 hoa tan sé lam tang tam thoi pCO2 cua bénh nhan. Theo thdi gian, né
sé dwoc thd ra va bénh nhan sé tré lai mic pCO2 trwdc d6. Diéu nay sé xay
ra ngay ca khi bénh nhan thd may (tdng pCO2 sé lam tang gradient de day
CO2 ra khéi co thé - lam tang dd thanh thai CO2 va cuoi cung duwa vé mirc
pCO2 ban dau). Tinh huéng duy nhat ma CO2 khéng tré vé ban dau 1a khi



bénh nhan da chét (vi du nhw ngirng tim, véi lvu lweng tuan hoan

hiéu qua Ia téi thidu).

Bicarbonate sé ton tai 1au hon, sau khi pCO2 da dwoc thé ra. Diéu

nay giai thich tac dung kiém héa cuta bicarbonate V.

Fun fact: d6 pH ctia mot dng bicarbonate chi 1a 8. N6 khéng c6 tinh kiém
(vi cd chira ca pCO2 va bicarbonate). Ly do né gay ra kiém héa in vivo 1a
vi pCO2 duwoc thé ra trong khi bicarbonate van con.

Céc bng natri bicarbonate thuo’ng khdng nén dugc tiém nhanh trong vai giay. biéu
nay co thé gay ra sw thay dbi pH nhanh chéng, bao gdm ca tang cao pCO?2. Do do,
cac 6ng bicarbonate wu trwong thwdng nén duoc tiém cham ~ 5-10 phat néu cé

thé.

Bicarbonate dang trwong co6 thé duoc truyén & téc d6 twong tw cac dich tinh
thé khac (vd 75- 1.000 ml/gi®). V&i ndng d6 CO2 thap hon so v&i bicarbonate
wu trrong, viéc tang nhanh CO2 cho bénh nhan khéng phai la van de & day.

Anh hwéng trén nong do Kali

C6 ba yéu t6 dang dién ra & day:

(1) Tinh wu trwong lam kali di chuyén ra khéi té bao (mét qua trinh dwoc
goi la kéo chét tan-solute drag).

(2) Bicarbonate lam tang d6 pH, giup chuyén kali vao té bao.

(3) Tai lwong thé tich cta bicarbonate dang trwong cé thé truc tiép
pha loéng kali, do d6 1am gidm néng dd kali.

Bicarbonate wu trwong

Céc yéu t6 # 1 & # 2 triét tiéu 1an nhau.
M6t sO RCT da chi ra rang bicarbonate wu trwong khdng anh hwéng
dén nong do kali

Bicarbonate dang trwong

Céc yéu té # 2 va # 3 déu lam giam muc kali.

D liéu c6 s&n cho thay bicarbonate dang trwong lam gidm nong do kali
& nhirng bénh nhan bi nhiém toan chuyén héa (Blumberg 1992,

Fraley 1977, Gutierrez 1991).

Y nghia lam sang phu thudc vao nhirng gi ban dang cb géng dat duoc:

T&ng kali mau: Néu ban dang c6 gang gidm murc kali, ban can s dung
bicarbonate déng trwong.

Ha kali mau: Néu ban dang c6 gang tang dd pH ma khéng lam gidm kali,
thi bicarbonate wu trwong cé thé cé loi. Ngoai ra, ban cé thé s dung
bicarbonate déng trwong v&i viéc bd sung déng thoi kali.

Ha canxi mau

Tang pH s& c6 xu huwdéng lam gidm mirc ion canxi (ch yéu l1a do loai bd cac
proton gan v&i albumin lam cho albumin tich dién am nhiéu hon, dan dén tang
lién ket canxi-albumin).
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Tang d6 pH Ién mrc binh thwong khdng gay ha canxi mau, nhung né ¢
thé lam tram trong thém tinh trang ha canxi mau truéc do.

Nhirng 16i thwérng gap khi str dung bicarbonate

N6i chung, ching t6i mudn tiéu chudn héa loai dich nay nham tranh méc cac
16i vé& y khoa:
« (a) Khéng pha thubc tiém véi hai 6ng bicarbonate. Néu ban muén cung cép
thém cho bé&nh nhan D5W, t6t nhat nén 1ap déng thdi 2 dudng truyén (moét voi
D5W va mét véi bicarbonate déng trwong thuc sw).
« (b)Bwng pha 3 éng bicarbonate trong mét lit NS!
DPwrng ngan ngai viéc cho bicarbonate dang trwong véi tbc dd ban can. Vi du, & mot
bénh nhan bj gidm kali mau ndng can dich va bicarbonate, ban c6 thé mudn dé
bicarbonate dang trwong & mirc 250-1.000 ml/gi (d& cung cap ca thé tich va
bicarbonate).
DPwng bom thang tay mét éng bicarbonate wu trwong (triv khi cé mét ly do thue
sy tot, chang han nhw ngd doc thudc chdng trdm cam ba vong nang).
DPirng str dung bicarbonate wu trvong dé diéu tri tang kali mau (da dwoc chirng minh |a
khéng c6 tac dung).
Drng bolus bicarbonate wu treong cho bénh nhan ngieng tim (trte khi ban nghi ngd nguyén
nhan déc tinh).
Purng s dung bicarbonate dé diéu tri toan lactic hodc toan ceton (diéu nay
khéng c6 tac dung va mang lai tiéng xau cho bicarbonate).

Kiém hoa tri liéu nham tang mac tdng CO2 méu cho phép

Khai niém co ban

Thinh thoang, nhirng bénh nhan dwoc dat ndi khi quan la nhirng ngudi cwec ky khé
théng khi (dién hinh la do tinh trang hen khéng kiém soat hoac ARDS nang).
Céch tiép can an toan nhét cho nhitng bénh nhan nay cé thé 1a s dung
bicarbonate IV, v&i muc tiéu tang mure bicarbonate Ién ~ 30-35 mEq /L

« Lwuy rang ndng dd bicarbonate binh thuong trong mau 1a 22-28 mEg/L. Do

do, ndng dd bicarbonate huyét thanh tir 30 dén 35 mEq/L 1a khéng cao 1am.

Diéu nay thwong sé gidp chuyén bénh nhan tir trang thai nhe nhiém toan chuyén
hoa (hadu hét bénh nhan bat diu véi bicarbonate ~ 20 mEg/L) dén nhiém kiém
chuyén héa nhe. Bicarbonate huyét thanh cao hon giup dé dang théng khi cho
bénh nhan (muc tiéu pH> 7,15-7,20). S& dung bicarbonate c6 thé an toan hon so
v&i viéc tang nhip hd hap hoac tidal volume (sé& lam tang luc co hoc duwoc dua
vao phdi va cé thé lam tang nguy co tran khi mang phéi).
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Minimum bicarbonate (mM) to achieve pH >7.2

o Lwuy rang sy phat trién cta tran khi mang phdi & bénh nhan mac ARDS
ho&c hen suyén ndng c6 thé Ia mét bién c6 tham khéc.

Bénh nhan mac ARDS hodc trong tinh trang hen khoéng kiém soat thwérng sé bu
tr cho nhiém toan hd hap bang kiém chuyén héa. St dung ngudn bicarbonate
ngoai sinh nham muc dich dat dwoc diéu twong tw, chi don thuan la thac day qua
trinh thich ng binh thuwdng nay.

Khéng cé bang chirng chat lwgng nao vé chi dé nay. Viéc sivr dung bicarbonate
ngoai sinh d& can bang tinh trang nhiém toan hé hap ndng Ia mét phwong phap
da co tw lau trong cham séc tich cwe (vi du: dwoc st dung trong thtr nghiém
ARMA trén bénh nhan ARDS). That khong may, khéng cé di liéu rd rang dé
hwéng dan vé téc dd va mirc do kiém hoéa nao la téi wu.

Serum bicarbonate level required to achieve pH > 7.2

i] 0 af &6 B0

pCO2 level (mm)

Lam thé nao dé dat dwoc kiém hoa tri liéu

Tuy thudc vao can ndng va bicarbonate nén clia bénh nhan, diéu nay thuwong sé
lien quan dén viéc st dung ~ 150-300 mEq sodium bicarbonate d& nhdm muc
tiéu mirc bicarbonate huyét thanh ~ 30-35 mEq/L. Muc tiéu nay thudng sé dat
dwoc dan dan trong vai gio.
Bicarbonate wu trirong: Mot sb hodc tat ca cac loai bicarbonate ngoai sinh nay cé
thé dwoc dung dwdi dang natri bicarbonate wu trwong (8.4%, md ta & trén).
Bicarbonate wu trwong c6 wu diém la giup han ché lwong dich truyén vao,
nhwng cudi cling sé& gay tang natri mau.
Bicarbonate ding trrong: C6 thé hiru ich & nhitng bénh nhan c6 gidm thé tich hoac
tang natri mau. O’ bénh nhan da & trang thai can bdng dich va natri mau & mdc binh
thwong-cao, bicarbonate dang trwong co thé dwoc két hop véi loi tiéu (vi du
furosemide va thiazide) dé dat kiem hdoa ma khéng gay qua tai thé tich.
Loi tiéu thiazide cé thé hiru ich trong viéc thic day bai tiét natri va tranh
tang natri mau (xem thém & day). St dung Furosemide don thuan c6 xu
hwéng bai tiét nwdc tiéu pha loang - vi vay sy két hop clha furosemide véi
bicarbonate déng trwong van cé thé cé xu hwdng lam tang mirc natri cla
bénh nhan.
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o Murc dd kiém hoa nao la toi wu that sw khong ré rang, va cé kha ndng thay ddi tay
thudc vao tinh trang bénh nhan. Trong hau hét cac truéng hop, kiém héa tir tir, vi
du: 25-100 mEq bicarbonate mai gi®, la du.

e S dung bicarbonate sé gay ra sy gia tang tam th&i pCO2 trong qua trinh
s dung, diéu nay sé& lam gidm pH tam thdi. Tuy nhién, sau khi hoan tét,
pCO2 sé& gidm xudng mirc nén va bicarbonate khi dé sé& lam tang do pH.

* Né&u bicarbonate dwoc dung cham hon, thi mirc d6 tang pCO2 thoang qua
sé& nhd hon. Tat nhién, sé mat nhiéu thoi gian hon dé dat dwoc muc tiéu
pH.

« Dirng st dung NS nhw dich héi strc méc dinh ctia ban. C6 nhiéu ly do
cho diéu nay, ndi bat la: cudi cung ban s& phai két thuc viéc truyén
hang lit NS cho bénh nhan tang kali mau va nhiém toan, lam rdi loan
can bang pH cua ho.

o DBirng ngai str dung Lactated Ringers & nhirng bénh nhan tang kali
mau hodc réi loan chirc ndng gan. Birng ngai st dung Plasmalyte &
bat ky bénh nhan nao (dwdng nhw khdéng cé bat ky chéng chi dinh
dwoc cdng nhan nao v&i Plasmalyte).

« Dirng bd I& co hoi dé khac phuc cac bat thuong pH ctia bénh nhan
bang cach sir dung phwong phap héi strc cd hwéng dan pH (dac
biét d6i véi bénh nhan nhiém toan chuyén héa do tang ure).

« Khéng biét cach str dung cac ché pham bicarbonate khac nhau.
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