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MAKROHEMODINAMIK STABILITEYE RAGMEN PERSiSTAN HIPERLAKTATEMi GELiSEN NEAR-DROWNING
OLGUSUNDA iZOPRENALIN ILE METABOLIiK DUZELME
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OZET

Bogulma olgularinda geligen akut solunum yetmezligi; aspirasyon,
inflamasyon ve surfaktan inaktivasyonu sonucu hizla ilerleyebilir.
Bu siiregte makrohemodinamik parametreler stabil goriinse de,
mikrodolagim diizeyinde devam eden hipoperfiizyon doku hi-
poksisine ve persistan hiperlaktatemiye yol agabilir. Laktat artigi
yalnizca hipoperfiizyonun degil, ayn1 zamanda metabolik yeniden
yapilanmanin da bir gdstergesi olabilir.

Yetmis alt1 yasinda kadin hasta, bogulma sonrasi gelisen akut solu-
num yetmezligi nedeniyle entiibe edilerek yogun bakim iinitesine
kabul edildi. Mekanik ventilasyon ve dengeli s1vi resiisitasyonuna
ragmen hastada progresif hiperlaktatemi gelisti. Hemodinamik agidan
stabil seyreden ve inotrop ihtiyaci olmayan hastada, arteriyel basing
dalga formunu analiz eden PRAM tabanli MostCare sistemi ile ya-
pilan monitdrizasyonda kardiyak indeks, sistemik vaskiiler rezistans
indeksi, nabiz basinci varyasyonu ve atim hacmi varyasyonu normal
siirlarda saptandi. Buna karsin laktat diizeylerinin artmaya devam
etmesi mikrodolagim diizeyinde persistan hipoperfiizyon olasiligini
diistindiirdii. Yogun bakim yatisinin 16.saatinde baslanan izoprenalin
inflizyonu sonrasi laktat diizeylerinde hizli ve progresif bir diisiis
izlendi. Klinik ve metabolik iyilesme ile es zamanli olarak hasta
basarili sekilde ekstiibe edildi ve servise devredildi.

Bu olgu, bogulma sonrasi gelisen akut solunum yetmezliginde
makrohemodinamik stabilitenin mikrodolagim yeterliligini her
zaman yansitmadigini gostermektedir. Persistan hiperlaktatemi, mik-
rodolagim bozuklugunun énemli bir gostergesi olabilir. izoprenalin
tedavisi ile saglanan hizli laktat diisiisii, secilmis olgularda
B-adrenerjik ajanlarin mikrodolagimi ve oksijen sunumunu iyilestirici
potansiyelini diisiindiirmektedir. Kritik hastalarda laktatin tek bir
deger yerine trend olarak degerlendirilmesi ve tedavi stratejilerinin
dolasim fenotipine gore bireysellestirilmesi dnemlidir.

Anahtar Kelimeler: Bogulma, hiperlaktatemi, mikrodolagim,
izoprenalin, yogun bakim

ABSTRACT

Acute respiratory failure developing after “near-drowning” can
progress rapidly as a result of aspiration, inflammation, and surfac-
tant inactivation. During this process, macrodynamic hemodynamic
parameters may appear stable; however, ongoing microcirculatory
hypoperfusion can lead to tissue hypoxia and persistent hyperlac-
tatemia. Elevated lactate levels may reflect not only hypoperfusion
but also metabolic remodeling.

A 76-year-old female patient was admitted to the intensive care
unit after being intubated for acute respiratory failure following
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“near-drowning”. Despite mechanical ventilation and balanced
fluid resuscitation, progressive hyperlactatemia developed. Although
the patient remained hemodynamically stable and did not require
inotropic support, monitoring with the PRAM-based MostCare
system, which analyzes the arterial pressure waveform, revealed
that cardiac index, systemic vascular resistance index, pulse pres-
sure variation, and stroke volume variation were within normal
ranges. Nevertheless, the continued rise in lactate levels suggested
persistent microvascular hypoperfusion. An isoprenaline infusion
initiated at the 16th hour of ICU admission was followed by a rapid
and progressive decline in lactate levels. In parallel with clinical
and metabolic improvement, the patient was successfully extubated
and transferred to the ward.

This case demonstrates that macrodynamic hemodynamic stability
does not always reflect adequate microcirculatory perfusion in acute
respiratory failure following “near-drowning”. Persistent hyperla-
ctatemia may serve as an important indicator of microcirculatory
dysfunction. The rapid lactate clearance observed with isoprenaline
therapy suggests that f-adrenergic agents may have the potential to
improve microcirculation and oxygen delivery in selected patients.
In critically ill patients, evaluating lactate as a trend rather than a
single value and individualizing treatment strategies according to
circulatory phenotype are critical.

Keywords: Near-drowning, hyperlactatemia, microcirculation,
isoprenaline, intensive care

GIRiS

Bogulma olgularinda akut akciger hasari aspirasyon, enflamasyon
ve surfaktan inaktivasyonu tizerinden hizla akut solunum yetersiz-
ligine (SY) ilerleyebilir V. Akut akciger hasarinda doku hipoksisi
ve laktat tiretimi, hastanin prognozunu belirleyen énemli biyobe-
lirteglerdendir > . Laktat ayn1 zamanda enerji substrati olarak da
kullanildigindan, yiiksek laktat diizeylerinin patofizyolojisinde;
yalnizca hipoperfiizyon degil, ayn1 zamanda metabolik remodeling
de 6nemli yer tutmaktadir ®. Ote yandan mikrosirkiilasyonun gercek
zamanli izlenmesi, soka bagli doku hipoksisini ve tedavi yanitini
makrodinamik degerlerden daha erken yansitabilir ©. Bu vakada;
bogulma kaynakli akut SY’de makrodinamik olarak stabil seyreden
ancak persistan hiperlaktatemi gosteren bir hastada izoprenalinle
saglanan dramatik iyilesme 6zetlenmekte ve altta yatan olast me-
kanizmalar literatiir esliginde tartigilmaktadir.

OLGU
Denizden ¢ikarildiktan sonra senkop, solunum sikintisi, periferik
oksijen satiirasyonunda diisiikliik ve glasgow koma skala (GKS)

Sorumlu Yazar
Ugurcan YIKILMAZ | ugurcanyikilmaz92@gmail.com


https://orcid.org/0009-0007-3553-6656
https://orcid.org/0000-0003-0658-9138

Turkish
Journal of
RESUSCITATION

skorunun 5 olmast iizerine entiibe edilen 76 yasindaki kadin hasta
bogulmaya bagli SY tanisiyla yogun bakim tinitemize kabul edildi.
Ozgegmisinde konjestif kalp yetmezligi, hipertansiyon, koroner
arter hastalig1 ve depresyon tanilart mevcuttu.

Yogun bakim kabuliinde hasta invaziv mekanik ventilasyon des-
teginde (PRVC modunda FiO2: %50, frekans: 12/dk, PEEP: 8
cmH:0, Tidal voliim 4-6ml/kg olacak sekilde diizenlendi) ve
midazolam (0,02 mg/kg/sa) ile sedatizeydi (GKS 3, RASS -1).
Hastanin kabuliindeki vital bulgulari: TA 113/75 mmHg, nabiz
94/dk, ates 36.7°C, SpO: %98 (mekanik ventilasyon ile), solunum
say1st 18/dk olup izleminde siniis tasikardisi gozlendi. Pupiller orta
hatta ve izokorikti. Akciger oskiiltasyonunda bilateral kaba raller
ve yer yer ronkiisler mevcuttu. Kalp sesleri S1+S2 ritmik, ek ses ve
iifiirim duyulmadi. Batinda distansiyon yoktu; defans, rebound ve
hassasiyet negatifti. Barsak sesleri normoaktifti. Dort ekstremitenin

Tablo 1. Hastanin Arteriyel Kan Gazlar1 ve Laktat Degerleri
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distalleri siyanotik goriiniimdeydi ancak oral mukozalarda siyanoz
saptanmadi. Periferik nabizlar agik, esit ve palpabl idi. Toraks
BT’de bilateral santral peribronkovaskiiler alanda aspirasyonla
uyumlu opasiteler ve bazal bolgelerde konsolide alanlar izlendi. Sivi
resusitasyonu, alinan-gikarilan sivi dengesi gozetilerek ve voliim
yiliklenmesinden kaginilacak sekilde diizenlendi.

[lk arter kan gazinda pH: 7.319, pCO2: 42.9 mmHg, HCOs: 19.8
mmol/L, K*: 3.76 mmol/L, laktat: 3.04 mmol/L saptandi. Sivi
replasmanina devam edildi. Kontrol kan gazinda pH: 7.331, pCO.:
44.9 mmHg, HCOs: 21.2 mmol/L, laktat: 3.37 mmol/L idi. Laktat
diizeyindeki artis s1v1 destegine ragmen devam etti.

Hastanin arteryal kan gazi ve laktat degerleri Tablo 1° de laktat
trend grafigi de Sekil 1°de gosterilmistir.

0.h 2.h 6.h 8&h | 14h | 16h | 18h | 24h | 48h | 60.h | 72.h | 96.h
Ph 7,319 | 7,331 | 7,335 | 7,366 | 7350 | 7,370 | 7,360 | 7,401 | 7,390 | 7,380 | 7,400 | 7.410
PaCO, (mmHg) | 429 | 449 | 432 | 450 | 443 | 42,0 | 44,1 | 450 | 432 | 460 | 441 | 420
Pa0, (mmHg) 581 | 62,0 | 650 | 672 | 662 | 67,0 | 662 | 693 | 713 | 700 | 71,9 | 70,0
HCO, (mEq/L) 19.8 | 212 | 223 | 248 | 23,1 | 246 | 25 242 | 235 | 222 | 23,7 | 242
Lac (mmol/L) 3,04 | 337 | 442 | 6,02 | 805 | 10,06 | 824 | 701 | 502 | 224 | 101 | 0,78

PCO,: Parsiyel arteriyel karbondioksit basinci; PaO- : Parsiyel arteriyel oksijen basinci; HCOs™: Bikarbonat; Lac: Laktat

Sekil 1. Laktat Trend Grafigi

Laktat Trend Grafigi
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Takip siirecinde hastada inotrop ihtiyact gelismedi; kardiyak marker
progresyonu ve dinamik EKG degisikligi izlenmedi. Saatlik idrar
¢ikist 1-2 ml/kg/sa araligindaydi. Alinan arteriyel kan gazlarinda
hipoksemi ve hiperkapni izlenmedi. YBU yatiginin 16.saatinde
laktat diizeyleri 10,06 mmol/L diizeylerine kadar ¢ikan hasta arte-
riyel basing dalga formunu PRAM (Pressure Recording Analytical
Method) temelinde analiz eden Mostcare sistemi (Vygon, Italya)
kullanilarak siirekli olarak izlendi. Monitorizasyon sonrasi ilk
elde edilen verilerde; kardiyak indeks, sistemik vaskiiler rezistans
indeksi, nabiz basinci varyasyonu (PPV), atim hacmi varyasyonu
(SVV) (Kardiyak index: 3.2 L/min/m?, Sistemik vaskiiler rezis-
tans indeksi (SVRI): 2200 dyn-s-cm™-m?, PPV: %12, SVV: %13)
normal sinirlar i¢indeydi. Es zamanli olarak makrohemodinamik
degisiklikleri normal olan hastada hipovolemi diisiniilmemesine
ragmen laktat seviyelerindeki progresif artig, mikrosirkiilasyon
diizeyinde persistan hipoperfiizyon olabilecegini diisiindiirdii. Bu
nedenle hastaya yogun bakima kabuliiniin 16.saatinde izoprenalin
infiizyonu 0.1 mcg/kg/dk dozunda baslandi.

Infiizyonun baslanmasindan 2 saat sonra alman arter kan gazin-
da laktat seviyesi 8.24 mmol/L’ye geriledi. Izoprenalin tedavisi
siirerken, 48.saatte laktat degerinde %50 diisiis izlendi. 60.saatte
ise 2.24 mmol/L olarak izlendi. Bu donemde hasta hemodinamik
olarak stabildi ve diiirez normoiirikti. 72.saatte laktat 1,01 mmol/L’e
kadar geriledi. Hasta 96.saatte basarili bir sekilde ekstiibe edildi.
Ekstiibasyon sonras1 hastanin arter kan gazinda pH: 7.41, pCO2: 42
mmHg ve laktat 0,78 mmol/L olarak saptandi. Izoprenalin infiiz-
yonu ekstiibasyonu takiben sonlandirildi. Ek inotrop ve mekanik
ventilasyon gereksinimi olmayan hasta, yogun bakim yatisinin 6.
glinlinde hemodinamik olarak stabil sekilde Gogiis Hastaliklar
Servisi’ne devredildi.

Hastanin arteriyel kan gazlari ve laktat degerleri tablo 1°de, laktat
trend grafigi Sekil 1’ de verilmistir.

TARTISMA VE SONUC

Bogulma sonrasi geligen solunum yetmezligi, aspirasyon, surfaktan
azalmasi, alveolokapiller bariyerin bozulmasi ve yaygin inflama-
tuvar yanit ile karakterizedir 9. Bu siire¢, hipoksemiye ek olarak
pulmoner vaskiiler rezistansta artisa, sag ventrikiil yiiklenmesine
ve sistemik dolagimda akim dagiliminin dengesizlesmesine yol
acabilir ©. Erken donemde hemodinamik olarak “stabil” gériinen
hastalarda bile doku diizeyinde hipoperfiizyon ve mikrodolasim
bozuklugu devam edebilir * ©. Bu baglamda olgumuzda oldugu
gibi makrodinamik parametrelerin normal olmasi, mikrosirkiilasyon
diizeyindeki yetersizlikleri dislamaz.

Hiperlaktatemi, kritik hastalarda prognostik agidan 6nemli bir
biyobelirtectir ancak patofizyolojisi ¢ok boyutludur. Tangpaisarn
ve arkadaslari acil serviste agir hiperlaktatemi (=10 mmol/L) ile
bagvuran hastalarda mortalitenin yiiksek oldugunu, ancak nedenle-
rin heterojenligini ve her olguda hiperlaktateminin hipoksiye bagl
olmadigimi vurgulamigtir . Solunum yetmezliginde laktat artisi;
dokularda oksijen sunumunun azalmasi, artmis anaerobik meta-
bolizma, inflamasyon aracili glikoliz artis1 ve B-adrenerjik uyari
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gibi mekanizmalarin kombinasyonu ile gelisebilir > **®. Laktatin
“hipoksi belirteci” olmasinin 6tesinde enerji metabolizmasinda di-
namik bir rol oynadigi gosterilmistir. Laktat bir yandan da oksidatif
dokular i¢in alternatif enerji substrati olup egzojen verildiginde
bile yag kas glukoz metabolizmasinda genis ¢apli degisiklikler
yaratabilir . Dolayisiyla mutlak degerlerden ziyade laktat trendi
ve klinik baglamin yorumlanmasi 6nerilmektedir >3 7.

Mikrodolasim disfonksiyonu, 6zellikle sok veya agir solunum
yetmezligi tablosunda makrohemodinamik parametrelerden ba-
gimsiz olarak devam edebilir & 9. Bruno ve arkadaslari, mikro-
sirkiilasyonun dogrudan degerlendirilmesinin, klinik iyilesme ile
makrohemodinami arasindaki uyumsuzlugu ortaya koyabildigini
gostermistir ©. De Backer ve Foulon ise vazopressor desteginde
optimal doku perfiizyonunu saglamak i¢in sadece kan basincina
degil, mikrosirkiilatuvar parametrelere de odaklanilmasi gerekti-
gini belirtmistir ©. Bu bakis agis1, olgumuzda laktat yiiksekliginin
altta yatan mikrodolasim bozuklugunu yansitabilecegi hipotezini
desteklemektedir.

[zoprenalin, giiclii B1- ve P2-agonist etkileri ile kardiyak debi-
yi artirirken, B2 reseptor araciligiyla periferik vazodilatasyon
ve kapiller wedge basincinda diigme saglayabilir ® . Ancak
B2-uyarisi, teorik olarak glikolizi artirarak laktat {iretimini de
yiikseltebilir ®. Buna karsin olgumuzda izoprenalin baglanmasini
takiben laktat diizeyinde hizli bir diisiis izlenmesi, baskin mekaniz-
manin akim/dagilim bozuklugu oldugunu diisiindiirmektedir. Borek
ve arkadaslari, akut solunum yetmezliklerinde pulmoner vaskiiler
tonusun ve endotel fonksiyonunun sistemik mikrosirkiilasyonu
etkileyebilecegini, bu nedenle f-agonistlerin bazi durumlarda ok-
sijen sunumunu iyilestirebilecegini vurgulamistir ©. Ayrica Hilty
ve arkadaslari, B-adrenerjik blokajin hipoksik pulmoner vazokons-
triksiyonu artirabilecegini gdstermis, bu da B-agonistlerin bazi
hipoksik durumlarda yararli olabilecegi yoniinde fizyolojik bir
zemin sunmaktadir !9,

Olgumuzda izoprenalin baglanmasindan sonra gozlenen laktat azali-
my, iki klinik agidan 6nemlidir: (i) Laktat yliksekliginin primer nedeni
stres hiperlaktatemisi veya [2-uyarili iretim artis1 olsaydi, izoprena-
lin sonrasi diizeyin diismesi beklenmezdi; (ii) Makrohemodinamik
stabiliteye ragmen mikrosirkiilatuvar oksijen sunumunun yetersiz
oldugu ve B-agonist ile iyilestigi olasilig1 gliclenmektedir. De Backer
ve Foulon’un da belirttigi gibi, vazopressor/inotrop se¢imi hastanin
dolasim fenotipine gore yapilmali, bu stirecte klinik gozlemler ve
metabolik yanit birlikte degerlendirilmelidir ©.

Bununla birlikte, izoprenalin kullaniminin tasiaritmi ve miyokardiyal
oksijen tiiketimini artirma potansiyeli nedeniyle secilmis olgularda,
dikkatli titrasyon ve yakin monitdrizasyon gerektirdigi unutulmama-
lidir 9. Ayrica, olgumuzda mikrodolagimin dogrudan dl¢iilmemis
olmasi, mekanizmanin yalnizca dolayli ¢ikarimlarla tartisilmasina
neden olmaktadir. Bu, vakanin baslica sinirliliklarindan biridir. Yine
de laktat trendi ile eszamanl klinik iyilesme gézlemi, izoprenalin
tedavisinin faydali olduguna dair gii¢lii bir isarettir.

Sonug olarak, bu vaka ile Akut Solunum Sikintis1 Sendromu
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(ARDS) gibi ciddi solunum yetmezligi olgularinda makrohemodi-
namik parametreler normal olsa bile mikrodolagim yetersizliginin
devam ettigi ve secilmis hastalarda izoprenalinin, mikrodolagimi
iyilestirerek metabolik diizelme saglayabildigi vurgulanmistur.
Ayrica laktatin yorumlanmasinda tek degerden Gte trend takibinin
onemine dikkat ¢ekilmistir.

Hasta onami: Hastanin birincil yakinindan, bilgilerinin kullanilmasi
icin yazili ve s6zlii onam alinmustir. (27.06.2025)
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METABOLIC IMPROVEMENT WITH ISOPRENALINE IN A “DROWNING”’ CASE WITH PERSISTENT
HYPERLACTATEMIA DESPITE MACRODYNAMIC STABILITY

Ugurcan YIKILMAZ ®, Canan GURSOY

Mugla Sitk1 Kogman Universitesi, Tip Fakiiltesi, Mugla Sitki Kogman University, Faculty of Medicine, Mugla, Tiirkiye

ABSTRACT

Acute respiratory failure developing after “near-drowning” can
progress rapidly as a result of aspiration, inflammation, and surfac-
tant inactivation. During this process, macrodynamic hemodynamic
parameters may appear stable; however, ongoing microcirculatory
hypoperfusion can lead to tissue hypoxia and persistent hyperlac-
tatemia. Elevated lactate levels may reflect not only hypoperfusion
but also metabolic remodeling.

A 76-year-old female patient was admitted to the intensive care
unit after being intubated for acute respiratory failure following
“near-drowning”. Despite mechanical ventilation and balanced
fluid resuscitation, progressive hyperlactatemia developed. Although
the patient remained hemodynamically stable and did not require
inotropic support, monitoring with the PRAM-based MostCare
system, which analyzes the arterial pressure waveform, revealed
that cardiac index, systemic vascular resistance index, pulse pres-
sure variation, and stroke volume variation were within normal
ranges. Nevertheless, the continued rise in lactate levels suggested
persistent microvascular hypoperfusion. An isoprenaline infusion
initiated at the 16th hour of ICU admission was followed by a rapid
and progressive decline in lactate levels. In parallel with clinical
and metabolic improvement, the patient was successfully extubated
and transferred to the ward.

This case demonstrates that macrodynamic hemodynamic stability
does not always reflect adequate microcirculatory perfusion in acute
respiratory failure following “near-drowning”. Persistent hyperla-
ctatemia may serve as an important indicator of microcirculatory
dysfunction. The rapid lactate clearance observed with isoprenaline
therapy suggests that B-adrenergic agents may have the potential to
improve microcirculation and oxygen delivery in selected patients.
In critically ill patients, evaluating lactate as a trend rather than a
single value and individualizing treatment strategies according to
circulatory phenotype are critical.

Keywords: Near-drowning, hyperlactatemia, microcirculation,
isoprenaline, intensive care

INTRODUCTION

In “near-drowning” cases, acute lung injury can rapidly progress
to acute respiratory failure (ARF) through mechanisms involving
aspiration, inflammation, and surfactant inactivation . In acute
lung injury, tissue hypoxia and lactate production are among the key
biomarkers determining patient prognosis . Since lactate can also
be utilized as an energy substrate, the pathophysiology of elevated
lactate levels involves not only hypoperfusion but also metabolic
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remodeling . Moreover, real-time monitoring of the microcirculation
may reflect shock-related tissue hypoxia and therapeutic response
earlier than macrodynamic parameters .

In this case, we present a patient with acute respiratory failure
secondary to near-drowning who remained macrodynamically
stable yet exhibited persistent hyperlactatemia. We summarize the
dramatic improvement achieved with isoprenaline and discuss the
underlying mechanisms in light of the current literature.

CASE REPORT

A 76-year-old female patient was intubated after being rescued from
the sea due to syncope, respiratory distress, decreased peripheral
oxygen saturation, and a Glasgow Coma Scale (GCS) score of 5,
and was admitted to our intensive care unit (ICU) with a diagnosis
of acute respiratory failure secondary to near-drowning. Her medi-
cal history was notable for congestive heart failure, hypertension,
coronary artery disease, and depression.

Upon ICU admission, the patient was receiving invasive mechanical
ventilation (PRVC mode; FiO2 50%, respiratory rate 12/min, PEEP
8 cmH-O0, tidal volume adjusted to 4-6 mL/kg) and was sedated
with midazolam (0,02 mg/kg/h) (GCS 3, RASS —1). Vital signs
were as follows: TA 113/75 mmHg, pulse 94/min, temperature
36.7°C, SpO2 98% (with mechanical ventilation), respiratory rate
18/min; sinus tachycardia was observed during monitoring. Pupils
were midline and isocoric. Lung auscultation revealed bilateral
coarse crackles with occasional rhonchi. Cardiac examination
demonstrated rhythmic S1 and S2 without murmurs or additional
sounds. The abdomen was non-distended with no guarding, rebound
tenderness, or tenderness; bowel sounds were normoactive. Distal
parts of all four extremities appeared cyanotic, while no cyanosis
was observed in the oral mucosa. Peripheral pulses were palpable,
equal, and symmetric. Thoracic computed tomography revealed
bilateral central peribronchovascular opacities consistent with as-
piration and consolidations in the basal regions. Fluid resuscitation
was performed in a manner that considered the balance between
fluid intake and output, and avoided volume overload.

The initial arterial blood gas analysis showed pH 7.319, pCO- 42.9
mmHg, HCO;™ 19.8 mmol/L, K* 3.76 mmol/L, and lactate 3.04
mmol/L. Fluid replacement was continued. A follow-up arterial
blood gas analysis revealed pH 7.331, pCO: 44.9 mmHg, HCOs~
21.2 mmol/L, and lactate 3.37 mmol/L. Despite ongoing fluid
resuscitation, lactate levels continued to rise. The patient’s arterial
blood gas and lactate values are shown in Table 1, and the lactate
trend graph is shown in Figure 1.
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Table 1. Arterial Blood Gas Analyses and Lactate Levels of the Patient

0.h 2.h 6.h 8&h | 14h | 16h | 18h | 24h | 48h | 60.h | 72.h | 96.h
Ph 7,319 | 7,331 | 7,335 | 7,366 | 7,350 | 7,370 | 7,360 | 7,401 | 7,390 | 7,380 | 7,400 | 7,410
PaCO, (mmHg) | 429 | 449 | 432 | 450 | 443 | 42,0 | 44,1 | 450 | 432 | 460 | 441 | 420
PaO, (mmHg) 581 | 62,0 | 650 | 672 | 662 | 67,0 | 662 | 693 | 713 | 700 | 71,9 | 70,0
HCO, (mEq/L) 198 | 212 | 223 | 248 | 23,1 | 246 | 25 242 | 235 | 222 | 23,7 | 242
Lac (mmol/L) 3,04 | 337 | 442 | 6,02 | 805 | 10,06 | 824 | 701 | 502 | 224 | 1,01 | 0,78

PCO:: partial arterial carbon dioxide pressure; PaQa: partial arterial oxygen pressure; HCOs™: bicarbonate; Lac: lactate

Figure 1. Lactate Trend Graph
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During follow-up, the patient did not require inotropic support; no
progression in cardiac biomarkers or dynamic ECG changes was
observed. Hourly urine output ranged between 1 and 2 mL/kg/h.
Serial arterial blood gas analyses showed neither hypoxemia nor
hypercapnia. At the 16th hour of ICU admission, lactate levels
increased to 10.06 mmol/L, prompting continuous hemodynamic
monitoring with the MostCare system (Vygon, Italy), which anal-
yzes the arterial pressure waveform using the Pressure Recording
Analytical Method (PRAM). Initial measurements demonstrated
normal macrodynamic parameters: cardiac index 3.2 L/min/m?
systemic vascular resistance index (SVRI) 2200 dyn-s-cm>-m?
pulse pressure variation (PPV) 12%, and stroke volume variation
(SVV) 13%. Although hypovolemia was not suspected, given normal
macrodynamic findings, the progressive increase in lactate levels
suggested persistent microcirculatory hypoperfusion. Therefore,
an isoprenaline infusion was initiated at a dose of 0.1 pg/kg/min
at the 16th hour of ICU admission.
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Two hours after initiation of the infusion, arterial blood gas analysis
showed a decrease in lactate to 8.24 mmol/L. While isoprenaline
therapy was continued, a 50% reduction in lactate levels was obser-
ved at 48 hours, and lactate decreased to 2.24 mmol/L at 60 hours.
During this period, the patient remained hemodynamically stable
with normal urine output. At 72 hours, lactate further decreased to
1.01 mmol/L. The patient was successfully extubated at 96 hours.
Post-extubation arterial blood gas analysis revealed pH 7.41, pCO:
42 mmHg, and lactate 0.78 mmol/L. The isoprenaline infusion was
discontinued following extubation. With no further need for inotropic
support or mechanical ventilation, the patient was transferred in a
hemodynamically stable condition to the Pulmonology Ward on
the 6th day of ICU admission.

The patient’s arterial blood gas and lactate values are presented in
Table 1, and the lactate trend graph is shown in Figure 1.
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CONCLUSION

Respiratory failure following “near-drowning” is characterized by
aspiration, surfactant depletion, disruption of the alveolocapillary
barrier, and a widespread inflammatory response . In addition to
hypoxemia, this process may lead to increased pulmonary vascular
resistance, right ventricular strain, and an imbalance in systemic
blood flow distribution . Even in patients who appear hemody-
namically “stable” in the early phase, tissue-level hypoperfusion
and microcirculatory dysfunction may persist > ¢. In this context,
as demonstrated in our case, normal macrodynamic parameters do
not exclude microcirculatory inadequacy.

Hyperlactatemia is a prognostically important biomarker in criti-
cally ill patients; however, its pathophysiology is multifactorial.
Tangpaisarn et al. reported high mortality rates among patients
presenting to the emergency department with severe hyperlactate-
mia (>10 mmol/L), emphasizing the heterogeneity of underlying
causes and noting that hyperlactatemia is not invariably related to
hypoxia in all cases . In respiratory failure, lactate elevation may
result from a combination of reduced oxygen delivery to tissues,
increased anaerobic metabolism, inflammation-mediated upregu-
lation of glycolysis, and B-adrenergic stimulation ***®. Beyond
being merely a “marker of hypoxia,” lactate has been shown to play
a dynamic role in energy metabolism. It serves as an alternative
energy substrate for oxidative tissues and, even when administered
exogenously, can induce widespread alterations in skeletal muscle
glucose metabolism . Therefore, interpretation of lactate trends—
rather than reliance on absolute values—within the appropriate
clinical context is recommended 7.

Microcirculatory dysfunction may persist independently of macrod-
ynamic parameters, particularly in shock states or severe respiratory
failure *-9. Bruno et al. demonstrated that direct assessment of the
microcirculation can reveal a dissociation between clinical improve-
ment and macrodynamic hemodynamics ©. Similarly, De Backer and
Foulon emphasized that achieving optimal tissue perfusion during
vasopressor therapy requires attention not only to blood pressure
but also to microcirculatory parameters . This perspective supports
the hypothesis that the elevated lactate levels observed in our case
reflected an underlying microcirculatory disturbance.

Isoprenaline, through its potent - and P2-agonist effects, increases
cardiac output and can induce peripheral vasodilation and reduce
pulmonary capillary wedge pressure via f.-receptor activation ® 9.
However, B2 stimulation may theoretically increase lactate production
by enhancing glycolysis *®. In contrast, the rapid decline in lactate
levels observed after initiation of isoprenaline in our patient suggests
that the predominant mechanism was impaired flow distribution
rather than increased lactate production. Borek et al. highlighted
that pulmonary vascular tone and endothelial dysfunction in acute
respiratory failure can influence systemic microcirculation and
that B-agonists may, in selected cases, improve oxygen delivery ©.
Furthermore, Hilty et al. demonstrated that B-adrenergic blockade
can exacerbate hypoxic pulmonary vasoconstriction, providing a
physiological rationale for the potential benefit of B-agonists in
certain hypoxic conditions '?.
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The reduction in lactate levels observed after initiation of isoprenaline
in our case is clinically significant for two reasons: (i) if the primary
cause of hyperlactatemia had been stress-induced hyperlactatemia or
B2-mediated increased lactate production, a post-treatment decrease
would not have been expected; and (ii) despite macrodynamic sta-
bility, inadequate microcirculatory oxygen delivery likely persisted
and improved following B-agonist therapy. As emphasized by De
Backer and Foulon, the choice of vasopressor or inotropic agent
should be guided by the patient’s circulatory phenotype, with cli-
nical observations and metabolic responses evaluated in parallel ©.

Nevertheless, it should be noted that isoprenaline use carries the
potential risk of tachyarrhythmias and increased myocardial oxygen
consumption, necessitating careful titration and close monitoring in
selected patients ® 9. Additionally, the absence of direct microcircu-
latory measurements in our case limits mechanistic interpretation
to indirect inference, which is a significant limitation of this report.
Despite this, the observation of clinical improvement concurrent
with favorable lactate trends provides strong supportive evidence
for the beneficial effect of isoprenaline therapy.

In conclusion, this case highlights that microcirculatory insufficiency
may persist in severe respiratory failure, such as acute respiratory
distress syndrome (ARDS), even when macrodynamic parameters
are within normal ranges. In selected patients, isoprenaline may
improve microcirculatory perfusion and facilitate metabolic recovery.
Furthermore, this report underscores the importance of trend-based
lactate monitoring rather than reliance on single measurements in
the management of critically ill patients.

Patient consent: Written and verbal consent has been obtained
from the patient’s primary relative for the use of the patient’s in-
formation. (27.06.2025)
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