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Care of a patient with heat stroke combined with
multi-organ failure treated with extracorporeal
membrane oxygenation combined with continuous
renal replacement therapy

Haiying Li, Lu Yan, Fang Cheng, Jinting Lang, Ying Li
Department of Critical Care Medicine, Jin Cheng People’s Hospital

SUMMARY

Introduction Heat stroke (HS) can cause many complications, including acute kidney injury and acute
respiratory distress syndrome. To date, the use of extracorporeal membrane oxygenation (ECMO) com-
bined with continuous renal replacement therapy (CRRT) in the treatment of patients with HS and multiple
organ failure has not been studied. We describe a patient with HS who was treated for the first time with
ECMO combined with CRRT. This case report aims to contribute insights into the clinical management of
heat -related illness by disseminating information pertaining to the treatment processes.

Case outline A 34-year-old male patient with HS and multiple organ dysfunction was admitted to the
intensive care unit (ICU) for emergency symptomatic treatment. The comprehensive diagnosis encom-
passed HS, multiple organ dysfunction syndrome, electrolyte imbalance and hypoalbuminemia. The
patient’s vital signs, including heart rate, blood pressure, respiratory rate and oxygen saturation, were
monitored, and ECMO and CRRT life-support therapies were rapidly applied. The patient was success-
fully weaned off ECMO, CRRT, and mechanical ventilation, and showed stable vital signs; thereafter, he
was transferred out of the ICU.

Conclusion This case demonstrates that prompt symptomatic treatment and early ECMO combined with
CRRT can effectively treat patients with severe HS. Additionally, it is crucial for healthcare professionals to
be vigilant in detecting changes in the patient’s vital signs and to collaborate effectively in administering
the necessary treatments.
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INTRODUCTION

Heat stroke (HS) is a clinical syndrome caused
by central thermoregulatory dysfunction, char-
acterized by elevated core temperature (> 40°C)
due to an imbalance between heat production
and heat dissipation following exposure to a
hot environment and/or strenuous exercise;
the mortality rate is up to 60% in patients with
severe HS [1]. Studies have shown that severe
complications of HS include rhabdomyolysis,
acute kidney injury, disseminated intravascular
coagulation (DIC) and acute respiratory dis-
tress syndrome (ARDS) [1]; ARDS is a direct
threat to the patients life.

Patients managed with extracorporeal mem-
brane oxygenation (ECMO) benefit from its
ability to provide oxygenation and circulation
independently of mechanical ventilation, sup-
porting the patient’s respiratory needs while
allowing for better management of lung func-
tion. When conventional mechanical ventila-
tion cannot meet the oxygenation needs of
patients with ARDS, ECMO can be used to
replace lung function, meet the body’s oxy-
genation needs, maintain the stability of vi-
tal signs and gain time for other treatments
[2]. Moreover, continuous renal replacement

therapy (CRRT) can reduce the inflammatory
response, remove excess fluid, clear toxic me-
tabolites and correct electrolyte and acid-base
imbalances, thereby maintaining homeostasis
[3, 4]. Although CRRT has been extensively
studied for its effectiveness in treating sepsis
[5, 6], its potential benefits in HS therapy war-
rant further exploration.

This report describes the first instance in
which ECMO combined with CRRT has been
used to treat a patient with HS. Given the acute
onset, rapid progression, complexity and dif-
ficulty of care associated with HS, ECMO sup-
port and CRRT were administered, totaling 161
hours from the second to the ninth day of ad-
mission. We present detailed information about
the diagnostic and therapeutic processes for HS
to provide a theoretical basis and reference for
clinical nurses collaborating with physicians
in the treatment and care of patients with HS.

CASE REPORT
Case information

On July 3, 2021, a patient with severe HS was
admitted to the Department of Critical Care
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Medicine of our hospital with the primary complaint of
‘fever and fatigue for two days and unconsciousness for two
hours after working in high temperature! The patient had a
body temperature of 40°C with multiple organ dysfunction
and was diagnosed with HS, multiple organ dysfunction
syndrome, electrolyte disorder, and hypoproteinemia. The
patient’s respiratory rate was 18/minute, blood pressure
was 77/39 mmHg, oxygen saturation (SpO,) was 97%,
and blood glucose was 1.2 mmol/L. On the day of admis-
sion, the patient’s condition worsened further, with sud-
den loss of consciousness, generalized convulsions, airway
spasms and continuous decrease in oxygen saturation. The
patient’s laboratory results showed a blood creatinine of
420.25 pmol/L, blood urea nitrogen of 29.63 mmol/L, ala-
nine aminotransferase of 147.74 U/L, and total bilirubin
of 82.47 pmol/L.

Therapeutic measure

Upon admission, emergency endotracheal intubation
and mechanical ventilation were performed to assist with
breathing and to ensure that the patient had an adequate
oxygen supply (respiratory rate of 8-20 breaths/minute).
Simultaneously, symptomatic treatments - such as organ-
function protection, maintenance of internal-environment
stability, early enteral nutrition using a short-peptide enter-
al-nutrition suspension via nasogastric tube at 50 mL/hour
and parenteral nutrition including intravenous amino ac-
ids, multivitamins, and fat emulsions — were administered
(enteral-nutrition-solution composition: 38 g of protein, 34
g of fat, 138 g of carbohydrates, 0.26 g of vitamins, and 4.24
g of trace elements per 1000 mL. Calorie density was 2.4
kcal/mL, 2000 mL required daily, total calories =~ 4800 kcal.
Daily amino-acid supplementation 3-5 g/kg, fat-emulsion
supplementation 10-20%). Probiotics (Bacillus subtilis,
0.5 g TID) and itopride hydrochloride (50 mg TID) were
administered to regulate intestinal flora [7]. Sedation was
achieved with remifentanil 160 pg/hour and midazolam 5
mg/hour, with dosages adjusted as needed. Blood micro-
biological analyses were followed by anti-infective therapy
including piperacillin-tazobactam (initially 3.75 g Q8h,
then 4.5 g Q8h), cefoperazone-sulbactam 4.5 g Q8h, and
minocycline 100 mg Q12h, guided by procalcitonin levels.
Dopamine 1-5 pg/kg-min and norepinephrine 0.1-2 pg/
kg-min were used as needed to stabilize hemodynamics.
Measures such as a hypothermia-treatment device, warm-
water bath (preventing hypothermia while managing the
patient’s elevated temperature) and ice-saline enema were
employed to control body temperature.

Rapid cooling is a key factor in HS treatment. Upon
admission, the patient’s rectal temperature was 40.2°C.
Immediately, an ice-blanket hypothermia-treatment de-
vice was used (water 4-10°C) while continuous surface-
temperature monitoring was performed via thermocou-
ple. Additionally, a 40% alcohol sponge bath was applied.
However, after one hour, these cooling methods reduced
the surface temperature only to 38.8°C, while rectal tem-
perature remained at 40°C. Therefore, 4°C saline was in-
fused for rehydration and 4°C enema fluid was used. One
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hour later, rectal temperature was 39.8°C, but cooling was
still unsatisfactory. To achieve better core-temperature re-
duction, we initiated CRRT. After right femoral vein cath-
eterization, continuous venovenous hemodialysis started.
Replacement fluid (10°C) ran at 150 mL/hour blood-flow
and 2000 mL/hour of replacement-fluid with zero fluid re-
moval. After three hours, rectal temperature fell to 38.3°C
and surface temperature to 37.5°C. To prevent excessive
cooling and arrhythmias, replacement fluid at room tem-
perature was then used.

Subsequently, the patient developed severe electro-
lyte imbalances (potassium 3.07 mmol/L, sodium 127.7
mmol/L, calcium 1.67 mmol/L). Continuous blood pu-
rification was therefore continued to reinforce tempera-
ture control and maintain internal environment stability.
Routine monitoring (vital signs, respiratory function, he-
modynamics, etc.) was maintained, and nurses observed
cerebral oxygen supply. On the second day, the patient’s
condition deteriorated further: blood pressure remained
unstable and cardiopulmonary function was severely im-
paired, causing hypoxemia. Therefore, ECMO was used
to support heart and lung function via extracorporeal cir-
culation, improving oxygenation and maintaining organ
perfusion. A venovenous ECMO (VV ECMO) mode was
selected, and intravenous heparin was continued for an-
ticoagulation. To avoid local bleeding or hematoma from
frequent puncture, an arterial catheter was placed in the
right radial artery before systemic heparinization, provid-
ing real-time hemodynamic monitoring and easy blood
sampling; a peripheral venous needle was left in the left
upper limb for transfusion. During ECMO, D-dimer was
checked every six hours; the results are shown in Figure 1.
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Figure 1. Changes of D dimer in the patient

Between day 2 and day 9, 161 hours of ECMO life sup-
port were performed, during which the ECMO flow rate
was 3.4 L/min, and the centrifugal pump speed was 3500
rpm. Continuous renal replacement therapy was initiated
using a high-flux filter to remove excess fluid, metabolic
waste, toxins and inflammatory mediators, correct electro-
lyte imbalances and support renal recovery. The CRRT was
performed continuously during the ECMO support using a
Prismaflex system (Baxter International Inc., Deerfield, IL,
USA) with an AN69ST filter. Anticoagulation was main-
tained with unfractionated heparin to ensure extracorpo-
real circuit patency. Specific CRRT parameters included
a blood flow rate of 150-200 mL/min, dialysate flow of
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Table 1. Changes in the patient’s temperature and management measures

Time 4:20 7:00 11:00 | 15:00 | 19:00 | 23:00 3:00 7:00 11:00 | 19:00 | 19:00 | 23:00
Body surface temperature (°C) 40 38.8 374 375 37.2 36.3 37.5 359 35.2 355 36.2 36
Anal temperature (°C) 40.2 40 38.7 38.3 37.9 38.1 38 36.3 35.5 36.1 36.3 36.2
MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB
Cooling measures - - - CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT
WWSB | ASB ASB - - - - - ECMO | ECMO | ECMO | ECMO

MHT-IB - use mild hypothermia therapeutic instrument (ice blanket); WWSB — warm-water sponge bath; ASB - alcohol sponge bath

Table 2. Changes of brain natriuretic peptide in the patient

v = = = =
E’ g %‘1 S £ g (4]
28| £ | 88| 83| z5 |£5¢
Py 53| 8 | =22 | B3| £° |§tg
cz | £ £ | 27 | 3 Ul
& 8 a s 5
1 604 10.81 9.39 19.34 10.3 17.6
2 1075.9 8.06 - - -
3 498 6.53 - - -
4 3524 2.77 8.61 8.46 8.7 15.3
5 232.2 2.64 - - -
6 293.1 7.08 - - -
7 246 6.31 7.45 5.07 6.4 12.6
8 193.4 2.64 - - -
9 160.6 6.38 - - -
10 170.1 244 - - -
11 112 1.86 7.13 3.9 5 8.7

1000 mL/hour and replacement fluid at 500 mL/hour.
Coagulation profiles and electrolyte levels were closely
monitored throughout the treatment period to optimize
therapeutic efficacy and patient safety. After a series of
treatments, when hemodynamic parameters demonstrated
stability and there was effective oxygenation and efficient
carbon dioxide removal, the ECMO and CRRT were suc-
cessfully removed on day 9, and the patient was success-
tully transferred out of the intensive care unit (ICU) on day
15. The detailed laboratory parameters, metabolic indica-
tors, inflammation markers, and myoglobin levels, along
with their trends over time during the patient’s treatment,
are summarized and presented in Tables 1, 2, and 3.

Ethics: Written informed consent was obtained from
the patient for publication of this case report and any ac-
companying images.

DISCUSSION

This report describes a case of severe HS treated in our
ICU. Because conventional treatments, such as assisted
ventilation, CRRT and hypothermia therapy, were unable
to control the condition, the ECMO rescue plan was im-
mediately initiated. Due to the patient’s underlying condi-
tions, which included hepatitis B and coagulopathy, the
treatment and care of the patient posed significant chal-
lenges. Through meticulous treatment and nursing care,
the patient’s condition was successfully stabilized from a
critical state. Rapid cooling and organ support have been
effective strategies for treating HS, but mortality is high.
In one study, the HS mortality within 28 days after a heat
wave was as high as 58% [8]. Ni et al. [9] reviewed 138
HS patients admitted over the previous seven years who
presented with systemic multiple-organ dysfunction.
Significant improvement was seen with hyperbaric oxy-
gen therapy, with mortality rates of 0% and 8.49% in the
hyperbaric and control groups, respectively. Elbashir et
al. [10] also found in the treatment of patients ranging
from heat stroke to multi-organ failure that the patients
were gradually stabilized through 18 days in the ICU. In
this case, the patient’s condition progressed rapidly, and
ventilator-assisted breathing and high-dose vasoactive
drugs could not maintain the stability of his vital signs.
In this emergency, ECMO was used to rapidly capture
key changes in the patient’s vital signs at each stage of the
condition’s development; important condition informa-
tion was fed back to the doctor to provide the basis for
the next treatment [11]. Brain tissue hypoxia is one of the
main characteristics of heat-related illness [12]. Therefore,
based on routine monitoring (vital signs, respiratory func-
tion, hemodynamics, etc.), nurses monitored the cerebral
oxygen supply at the same time, allowing them to apply
the corresponding treatment. Moreover, in the context of

Table 3. The change of procalcitonin and the dosage of antibiotics in this patient

Day 1 2 3 4 6 7 8 9 10 11
Procalcitonin 21.59 16.51 19.92 19.99 15.6 123 7.68 5.04 4.87 3.32 2.02
pPST' PST PST PST PST PST
3759 3759 3759 3.75¢g 3759 375¢ - - - - -
Q8h Q8h Q8h Q8h Q8h Q8h
PST PST PST
Antibiotic - - - - - 4.59 4.59 4.59 - -
Q8h Qsh Q8h
CPSB CPSB
- - - - - - - - 4,59 4,59
Q8h Q8h

PST - piperacillin sodium and tazobactam sodium; CPSB - cefoperazone and sulbactam

DOI: https://doi.org/10.2298/SARH240710042L

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):272-276



ECMO combined with CRRT technology

CRRT, precise ultrafiltration proves beneficial in mitigating
organ oedema and alleviating cardiac overload. A study
treating 16 patients with HS reported improved hemody-
namics, reduced serum-enzyme concentrations and zero
mortality [13]. The study by Ni et al. [9] demonstrated
that HS-related parameters exhibited a significant reduc-
tion in the CRRT group compared with the control group.
These findings suggest that CRRT effectively eliminates
serum enzymes and metabolic by-products, interrupts the
cascade of inflammatory mediators and mitigates metab-
olite-induced damage to renal tubules. Importantly, there
was a significantly lower mortality rate in the CRRT group
than in the control group. Consequently, early initiation
of CRRT therapy should be considered for patients with
HS, particularly as HS carries a high mortality risk in its
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advanced stages, especially when associated with DIC. In
conclusion, reviewing the whole rescue process, rapid hy-
pothermia, strict condition observation, timely initiation of
ECMO life support, appropriate anticoagulation strategy,
refined volume management and strict infection preven-
tion and control ensured the smooth progress of all treat-
ments and brought the patient to safety. This patient pre-
sented with a sudden onset, rapid progression and complex
condition, making the nursing care extremely challeng-
ing. Nurses played a crucial role in the implementation of
cooling measures, close monitoring of vital signs, ECMO
management and CRRT administration, all of which were
key aspects of the life-saving treatment.
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Hera 6onecHMKa ca TONNOTHUM YAaPOM YA PYKEHUM Ca MYNTUOPTAHCKOM
MHCYOULMjEHLUjOM NeYeHUM eKCTPAKOPNOopPaSHOM MeMOPaHCKOM OKCUMTeHaLuujom
Y3 KOHTMHYMPAHY PeHa/HYy 3aMEHCKY Tepanujy

XajuHr In, Ny Jan, Oanr YeHr, BuntuHr Nanr, JuHr Jn

HapogHa 6onHuua y hruHueHry, Ofierbetbe 3a UHTeH3UBHY MeAuLHY, HriHueHr, WaHcn, KnHa

CAXETAK

YBop TonnoTHy yaap (TY) moxe 13a3satii 6pojHe KOMMIMKaLm-
je, ykmyuyjyhm akyTHO owTehere bybpera v CUHAPOM aKyTHOT
pecnupaTopHor aucTtpeca. [lo caga Huje npoyyaBaHa NpUMeHa
eKcTpakopropanHe membpaHcke okcureHauyje (EKMO) y kom-
61HaLWj1 ca KOHTUHYMPAaHOM PEHaTHOM 3aMEHCKOM Tepaniijom
(CRRT) y neuetby 6onecHuKka ca TY 1 BULIECTPYKOM ANCHYHKL-
jom opraHa. Y oBoM pagy je onvicaH NpBw ciyyaj 6onecHrKa ca
TY koju je neyen npumerom EKMO yapyxeHor ca CRRT-om, ca
LWbeM Aa ce NP1 YBUA Y KNIMHUYKO 36putbaBarbe TOMIOTHNX
oborbera nyTem AeTarbHOr NMpUKasa TepanmnjckMx NocTynaka.
Mpukas 6onecHnka Mywkapau, ctap 34 roguHe, ca TY 1 myn-
TNOPraHCKOM ANCHYHKLIOM, MPUMIbEH je Ha Oferbetbe NHTEH-
3MBHE Here pagn CUMNTOMAaTCKe peaHnmauuje. injarHosa je
obyxsatuna TY, CMHAPOM MyNnTUOPraHCcKe AnchyHKLyje, Ancba-
NaHC enekTponunTa 1 xunoanbymvHemujy. Maxsbueo cy npaheHe
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BUTanHe dyHKLMje 6onecHUKa — cpuaHa GpPeKBeHLMja, KPBHM
npuUTHCaK, pecnpatopHa ¢pekseHLja 1 3acnhere KpBY Ku1-
CEOHVKOM, a XMBOTHO notnopHe Tepanuje EKMO u CRRT npu-
MetbeHe cy 6e3 ofarara. bonecHuK je ycnelwHo oABojeH of
EKMO, CRRT-a 1 MexaHU4Ke BeHTUNaLje, y3 cTabunHe BuUTanHe
3HaKOBE, a MOTOM MpebayeH 13 JearHNLIE NHTEH3VBHE Here.
3akmyuak OBaj Cnyyaj Nokasyje Aa NpaBOBpeMeHa CUMMTO-
MaTcKa Tepanuja 1 paHo yBoherbe EKMO y KombrHaumju ca
CRRT-om Mory edurkacHo aa neye Tewwke dopme TY. Takohe je
0f KIby4He BaXKHOCTU [1a 3[PaBCTBEHN pagHULKM 6ygHo npate
NpOMeHe BUTaNTHMX NapameTapa 6onecHuKa v capahyjy y cnpo-
BODeHY HEOMXOAHMX TePanujCKNX Mepa.

KrbyuHe peun: TonnoTHW yaap; CUHAPOM aKyTHOT pecnpaTop-

HOT AVCTPEC; EKCTPaKopopaHa MeMBPaHCKa OKCureHauwja;
KOHTVHYMpaHa peHasiHa 3aMeHcKa Tepanuja; Hera 6oiecH1Ka
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