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Intermittent hemodialysis as a rewarming @

strategy for severe hypothermia in patients
without renal failure: a case report
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Abstract

This case report highlights the effective use of intermittent hemodialysis (IHD) in warming a 71-year-old female
patient with severe hypothermia who presented with a rectal temperature of 25 °C and signs of hemodynamic insta-
bility. The patient, found unconscious after prolonged exposure to cold exacerbated by alcohol consumption, initially
showed some improvement in core temperature through active external rewarming methods. However, soon, her
temperature plateaued at 27 °C. Patient was deemed unsuitable for extracorporeal membrane oxygenation (ECMO)
or cardiopulmonary bypass (CPB) due to her age, and urgent IHD was initiated. This approach resulted in a stable
increase in core temperature at approximately 2.0 °C/hr, along with normalization of lactic acidosis, creatinine phos-
phokinase, and correction of electrolyte imbalances, culminating in her full recovery and discharge after seven days
in the hospital.

After reviewing this case alongside similar ones from before, this case report highlights the efficacy and safety of IHD
as an efficient, readily available, and less invasive method for rewarming moderate to severe hypothermic patients
who are hemodynamically unstable patients but do not have cardiac arrest or renal dysfunction. IHD is especially use-
ful when less invasive cooling devices (Artic Sun/ CoolGard) are not available or more invasive extracorporeal life sup-
port options (ECMO/ CPB) are either not indicated or unavailable. IHD can also help improve concurrent electrolyte
imbalances and/or toxin buildup. The report further emphasizes the necessity of monitoring for potential complica-
tions, such as post-dialysis hypophosphatemia and rebound hyperkalemia, following successful rewarming.
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Introduction

This case report details the successful treatment of a
71-year-old woman with severe hypothermia, with rec-
tal temperature of 25 °C, using intermittent hemodi-
alysis (IHD). Untreated severe hypothermia can lead to
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cardiopulmonary bypass (CPB) are either not available,
such as in smaller community hospitals or not indicated.

Case

A 71-year-old female with obesity was found uncon-
scious outside her home after being exposed to the cold
for about 10-12 h, following an evening of drinking alco-
hol. In the emergency department, patient had a Glasgow
Coma Scale score of 3 (E1IV1M1), rectal temperature of
24.5°C, heart rate of 58 beats per minute, blood pressure
of 81/51mmHg, respiratory rate of 16 breaths per min-
ute. Electrocardiogram showed atrial fibrillation with
Osborne waves as shown in Fig. 1. Arterial blood gas
analysis at 37°C revealed mixed respiratory and anion
gap metabolic acidosis, attributed to hypoventilation
and lactic acidosis, with high ethanol levels; other toxins
were not elevated. Blood tests indicated hypoglycemia,
elevated lactate, mild rhabdomyolysis, and significant
hypokalemia, as shown in Tables 1 and 2. Serum cortisol
levels were not ordered. Imaging excluded acute intracra-
nial issues and fractures.

The patient was intubated for airway protection and
received IV propofol, norepinephrine, antibiotics, and
potassium (K+) of 60 mEq/L. Initial rewarming with
forced-air warming blankets (Bair Hugger) and warm IV
fluids over 1.5 h raised rectal temperature to 27 °C, which
then plateaued. ECMO team deemed her unsuitable for
treatment due to her age, leading to a consultation with
a nephrologist for urgent IHD. A 16 cm, 12 French, dou-
ble-lumen catheter was placed in the right internal jug-
ular vein for dialysis purposes. The patient underwent
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IHD using a Fresenius 2008 T machine and an F-180
dialyzer. The dialysate temperature was set at 37 °C,
with a dialysate flow rate of 400 ml/min and blood flow
rate of 200 ml/min. The potassium, calcium, and bicar-
bonate levels in the bath were 3 mEq/L, 2.5 mEq/L, and
35 mEq/L respectively. No ultrafiltration was performed,
and the total duration of the dialysis session was 2.5 h.
The patient’s core temperature improved from 27.5 °C to
32.1 °C at approximately 2.0 °C/hr, while maintaining sta-
ble vitals. After dialysis, repeat levels of serum lactic acid,
creatine phosphokinase (CPK), potassium and phosphate
levels remained within normal limits. Bair Hugger was
restarted, and patient’s rectal temperature increased to
37 °C in the next 7-8 h. By the next day, her mental sta-
tus improved. She was weaned off support and extubated,
with her atrial fibrillation converting to sinus rhythm.
After a 7-day hospital stay, she recovered fully and was
discharged home.

Discussion
Compared to a hot environment, the body has lim-
ited ability to respond to cold. Hypothermia is clini-
cally staged using “Alert Verbal Painful Unconsciousness
scale and Revised Swiss Staging, focusing on conscious-
ness and vital signs, and which is not applicable to cases
with comorbidities like trauma or sepsis [2]. Our patient
had stage 3 hypothermia (unconscious, not shiver-
ing and vitals present) based on Swiss staging system of
hypothermia.

Certain factors have been identified as independ-
ent prognostic indicators for in-hospital mortality

Fig. 1 EKG 1: Afib rhythm with a heart rate around 58bpm, Osborne waves, indicated by the arrows, visible in precordial lead V3-V6 and standard

lead 1
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Table 1 Initial blood work at the time of admission

Test Value Reference Range
Finger Stick Blood Glucose 65 mg/dL 70-100 mg/dL
WBC (White Blood Cells) 19.06 K/uL 4.5-11.0 K/uL
HGB (Hemoglobin) 12.2 g/dL 12.1-15.1 g/dL
Platelets 267 K/uL 150-400 K/uL
Trops (Troponins) 77 ng/L 0-14 ng/L

CPK (Creatine Phosphoki- 2531 U/L 22-198 U/L
nase)

Sodium (Na) 144 mmol/L 135-145 mmol/L
Potassium (K) 2.8 mmol/L 3.5-5.0 mmol/L
Chloride (Cl) 105 mmol/L 96-106 mmol/L
Bicarbonate (HCO3) 10 mmol/L 22-28 mmol/L
BUN (Blood Urea Nitrogen) 23 mg/dL 7-20 mg/dL
Creatinine (Cr) 0.69 mg/dL 0.84-1.21 mg/dL
AST (Aspartate Aminotrans- 79 U/L 0-40 U/L

ferase)

ALT (Alanine Aminotrans- 34 U/L 7-56 U/L

ferase)

ALP (Alkaline Phosphatase) 112 U/L 45-116 U/L
APTT 28.7s 255-36.5s

PT 1255 104-12.8s
Albumin 34 g/dL 35-55g/dL
Calcium 8.2 mg/dL 8.6-10.3 mg/dL
Magnesium 2.7 mg/dL 1.7-2.2 mg/dL
Phosphorus 3.1 mg/dl 2.5-4.5 mg/dl
Urine Toxicology Negative N/A

Urinalysis (UA) Positive for Hematuria, N/A
Specific Gravity > 1.030
Lactate 8.50 mmol/L 0.5-1.0 mmol/L
Ethanol 60.1 mg/dl 0 mgydl
TSH 1.00 ulU/ml 0.27-4.2 ulu/ml

Table 2 Initial ABG at 37 °C on a mechanical ventilator with FiO2

60%

ABG Value Units

pH 7.05

pCO2 52 mmHg
pO2 400 mmHg
HCO3 144 mEq/L

02 saturation 99.3% Percentage

in patients with moderate-to-severe illness. These
include age >75 years, need for assistance with activi-
ties of daily living, hemodynamic instability, and
hyperkalemia. Recognizing these indicators can help
determine the necessity for intensive care, invasive
treatment, or the withdrawal of aggressive interven-
tions [3].
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Active external rewarming such as forced-air warm-
ing blankets (Bair Hugger, Maplewood, Minnesota), and
warm fluids have limited effectiveness for moderate to
severe hypothermia and should be used to complement
active internal rewarming procedures.

Minimally invasive techniques, including adhesive
hydrogel devices (Artic Sun) and intravascular tempera-
ture cooling catheters (CoolGard, CoolLine, and Icy)
[4] are recommended to manage persistent moderate
to severe hypothermia without cardiac arrest. If these
devices are unavailable, peritoneal and/ or pleural irriga-
tion with warmed isotonic fluid can be considered.

If severe hypothermia is accompanied by cardiovascu-
lar instability or cardiac arrest, extracorporeal life support
options such as veno-venous rewarming circuit without
ECMO, CPB, and veno-arterial ECMO should be consid-
ered [5-7]. The ECMO circuit can warm the patient up
to a rate of 7-10 °C per hour [8, 9]. In cases where mini-
mally invasive cooling catheters are unavailable, and the
patient has cardiopulmonary instability but not cardiac
arrest, with ECMO either contraindicated or unavailable,
IHD / peritoneal dialysis can be efficiently utilized [5-7].
Important contraindications to ECMO treatment include
terminal illness, decompensated chronic conditions, pro-
longed cardiac arrest, severe coagulopathy [10].

IHD is safe, readily accessible, less invasive, and
requires a hemodialysis catheter, making it easy to set
up, unlike peritoneal dialysis, which would require an
expert surgeon or nephrologist to place a peritoneal
dialysis catheter. IHD can increase the core temperature
by 2-3 °C per hour [9, 11, 12]. In patients with hypother-
mia-associated severe lactic acidosis, renal dysfunction,
and/ or rhabdomyolysis, IHD can be used as a first-line
treatment for severe hypothermia when primary or con-
tinuous warming methods are not readily available. This
is particularly important in low socioeconomic regions
where access to primary or continuous warming tech-
niques is frequently restricted. In a hypothermic patient
without any overt metabolic abnormalities, the balance
between the possible advantages of intermittent hemo-
dialysis and the risks of procedure-related complica-
tions is uncertain (for example, at what temperature
should hemodialysis be performed below). IHD treat-
ment in patients without kidney dysfunction can cause
hypophosphatemia due to the absence of phosphate in
the dialysate. Therefore, it is essential to check serum
phosphate levels before and after the treatment and pro-
vide phosphate repletion as needed.

When using IHD to treat patients for hypothermia or
poisoning caused by dialyzable toxins in patients with-
out renal dysfunction and/ or hyperkalemia, there is
no need for any net potassium removal. In such situa-
tions, it is appropriate to use a dialysate potassium (K)
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concentration of 4 mEq/L, which is within the normal
range, if available. In our case, the patient received potas-
sium of 60 mEq in the emergency department, and at the
time of IHD, a 4 K bath was unavailable, so a 3 K bath was
utilized.

It is essential to be aware of the risk of hazardous
core temperature after-drop when actively rewarming
a hypothermic patient [7, 13]. This complication may
occur when both the patient’s extremities and trunk are
warmed simultaneously [14]. The problem is that the
cold, acidic blood that has pooled in the narrowed blood
vessels of the extremities returns to the core circula-
tion, causing the temperature and pH to drop further.
Additionally, the transition from the cold environment
to a warmer one causes the peripheral blood vessels to
dilate, leading to a sudden drop in blood pressure, inad-
equate blood supply to the heart, and even ventricular
fibrillation [15]. This may explain why some patients
experience fatal heart rhythms during rewarming. How-
ever, combining active core rewarming techniques with
active external rewarming can help minimize the risk of
rewarming shock and after-drop in patients with severe
hypothermia. In the event of an after drop, pressor sup-
port can be used to maintain appropriate blood pressure
while continuing with the warming process.

We conducted an analysis incorporating our case
with eight previously reported case of severe hypother-
mia without renal dysfunction treated via hemodialysis
[11, 12, 16-20], detailed in Table 3. The observed aver-
age rewarming rate during hemodialysis was 1.88 °C
per hour, which is consistent with the results reported
by Mendrala et al. [9]. An important prognostic factor
identified is that delays in the rewarming process are
closely associated with increased mortality rates [9]. D.F.
Danzl et al. performed a retrospective study of hypother-
mia outcomes over 25 years ago, factors linked to death
within 24 h included prehospital cardiac arrest, low or
absent blood pressure upon arrival, high blood urea
nitrogen levels, and the requirement for endotracheal
intubation [21].

Our case report has certain limitations, including its
single-case nature, the absence of significant cardiopul-
monary comorbidities, and the lack of baseline cortisol
level measurements during the hospital stay.

Conclusion

1. IHD is a safe, readily available, and effective method
to rewarm severe hypothermic patients with hemo-
dynamic instability without cardiac arrest, especially
when ECMO or CPB are not available or not indi-
cated.
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2. The use of IHD has an added advantage of correcting
associated electrolyte imbalance, toxins burden, and
rhabdomyolysis.

3. IHD without ultrafiltration and dialysate tempera-
ture of 37 °C can be used to effectively manage severe
hypothermia with favorable outcome.

4. After dialysis, it is essential to closely monitor for
hypophosphatemia and rebound hyperkalemia/
hypoglycemia.
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