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A prospective multi-center study comparing the complication
profile of modest systemic hypothermia versus normothermia
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STUDY DESIGN: Prospective multi-center trial.
OBJECTIVES: To characterize the complication profile associated with modest systemic hypothermia after acute cervical SCI in a
prospective multi-center study.
SETTING: Five trauma centers in the United States.
METHODS: We analyzed data from a prospective, multi-center trial on the use of modest systemic hypothermia for acute cervical
SCI. Patients with acute cervical SCI were assigned to receive modest systemic hypothermia (33 C) or standard of care medical
treatment. Patients in the hypothermia group were cooled to 33 C and maintained at the target temperature for 48 h. Complication
profile and the rate of complications within the first 6 weeks after injury were compared between the two groups. Multiple
regression analysis was performed to determine risk factors for complications after injury.
RESULTS: Fifty patients (hypothermia: 27, control: 23) were analyzed for this study. Median age was significantly lower in the
hypothermia arm (39 vs 59 years, p= 0.02). Respiratory complications were the most common (hypothermia: 55.6% vs control:
52.2%, p= 0.81). The rate of deep vein thrombosis was not significantly different between the two groups (hypothermia: 14.8% vs
control 17.4%, p= 0.71). The rate of complications was not statistically different between the two groups.
CONCLUSION: In this prospective multi-center controlled trial, preliminary data show that modest systemic hypothermia was not
associated with increased risk of complications within the first 6 weeks after acute cervical SCI.
TRIAL INFORMATION: The study is registered on clinicaltrials.gov NCT02991690. University of Miami IRB (Central IRB) approval No.:
20160758. Emory University IRB #IRB00093786.
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INTRODUCTION
Systemic hypothermia is a neuroprotective technique that reduces
secondary injury to the central nervous system [1]. Pre-clinical
studies show that systemic hypothermia reduces metabolic
activity and energy consumption in tissues [2] as well as
ameliorates local inflammation and oxidative stress after injury
[3]. In the central nervous system, hypothermia can reduce
glutamate toxicity as well as the release of inflammatory cytokines
[4]. Together, systemic hypothermia demonstrates a promising
role in the treatment of central nervous system injury, such as
acute spinal cord injury (SCI).
Modest systemic hypothermia (32–34 C) after acute traumatic

cervical SCI is feasible in the clinical setting [5–7]. Hypothermia can
be initiated within a few hours of the injury and surgical
interventions, if needed, can be performed during hypothermia
[5]. Adverse events associated with systemic hypothermia after
acute cervical SCI have been described from a single center with

extensive experience with this technique [5–7]. Data from a
prospective, multi-center case control study is necessary to
determine the unique adverse event profile of therapies for SCI
[8]. This may help physicians better anticipate clinical challenges
associated with systemic hypothermia for acute cervical SCI, and
improve our ability to counsel patient families.
In this study, we describe the adverse events associated with

systemic hypothermia for patients enrolled in a multi-center trial
evaluating the use of modest systemic hypothermia after acute
cervical SCI.

METHODS
Data from a prospective, multi-center, non-blinded case-controlled trial
were analyzed for this study. The study aims to evaluate the efficacy of
modest (33 C) systemic hypothermia for acute cervical SCI. The primary
and secondary outcomes of the study, which include changes in AIS
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grades and FIM scores, respectively, at 12 months, will be analyzed and
presented in a separate manuscript. The study began recruitment in
August 2017 and is actively recruiting with a planned enrollment of 120
patients. Inclusion criteria are adults aged 18–70 years, AIS grade A-C,
admission Glasgow Coma Scale ≥14, non-penetrating SCI and patients in
whom hypothermia treatment can start within 24 h of injury. Patients with
hyperthermia on admission (>38.5 °C), severe systemic injury, bleeding,
coagulopathy, pregnancy, and cord transection are excluded. Informed
consent was provided by each participant or participant family. The study
protocol is approved by a central Institutional Review Board for 4 centers
and one center has approval from its own Institutional Review Board.

Study design
This trial is recruiting patients with acute cervical SCI from 5 trauma centers
across the United States. Patients are assigned to receive hypothermia or
standard of care medical treatment. To maximize patient enrollment, the
study employs a cross-over design with two centers providing hypothermia
for the first 2 years, while the other centers provide standard of care (control)
treatment. After 2 years, the centers switch the treatment assignments. This
study design was chosen since some centers do not have experience with
systemic hypothermia and these centers will enroll controls initially. The study
design helps these centers get familiarized with the hypothermia protocol
and learn from the more experienced centers. In addition, we anticipated that
some centers will have an infrequent and unpredictable rate of enrollment of
acute SCI subjects, and the time it would take to randomize subjects at the
time of enrollment would make it impractical to initiate the hypothermia
protocol in a timely fashion. There was no difference in the selection criteria
for subjects at hypothermia and non-hypothermia sites.
Systemic hypothermia is initiated within 24 h of injury using intravascular

cooling catheters (Zoll, Chelmsford, MA, USA), inserted into the femoral vein
using a sterile technique in the emergency room, intensive care unit or
operating room. Patients are cooled at a maximum rate of 2–2.5 C/h till they
reach the target temperature of 33 C (modest hypothermia). Modest
hypothermia is maintained for 48 h and then rewarming at 0.1 C/h is
performed till normothermia (37 C). If required, surgical procedures are
performed concurrently with the hypothermia protocol. All patients are
admitted to the ICU during the hypothermia protocol. Mean arterial blood
pressure is maintained above 90mmHg at all times. If sedated and intubated,
sedation is stopped at 12 h post-injury to obtain a neurological exam.
Nutrition is initiated via a nasogastric or orogastric tube in intubated patients.
Daily clinical exams, serum electrolyte, and blood counts are performed.
Chemoprophylaxis for deep vein thrombosis is started as early as possible,
when deemed safe by the treating physician. After termination of the
hypothermia protocol, the cooling catheter is removed a venous doppler of
the lower limbs is performed to evaluate for deep vein thrombosis. Routine
doppler of the lower limbs is not performed for patients in the control group.
All adverse events during the hospitalization are diagnosed, investigated and
treated by the treating team. All complications documented in the patient’s
medical chart are recorded and monitored by the data safety monitoring
board (DSMB) of the study. Complications within the first 6 weeks of the injury
were analyzed in this study.
Descriptive statistics were performed to analyze baseline demographic

and clinical data. Chi-square test and Fisher’s exact test (if cell count <5)
were performed for categorical variables. Mann–Whitney U test was used
to compare continuous variables. For the purpose of this study,
complications were categorized into complication groups based on the
organ system affected.

RESULTS
A total of 51 acute cervical spinal cord injury patients have been
enrolled in the study between August 2017 and January 2021
(Table 1). Twenty-seven patients were assigned to the hypothermia
arm and twenty four patients were assigned to the control arm.
One patient in the control group withdrew from the study and data
for this subject was not included in the analysis. For the
hypothermia group, patients were enrolled at 2 sites (site 1= 20,
site 3= 7). For the control group, patients were enrolled at 4
different sites (site 1= 5, site 2= 13, site 4= 1, site 5= 3, site 7= 2).

Demographic and clinical data
The median age was significantly lower in patients undergoing
hypothermia (p= 0.02, Table 1). The majority of patients in both

arms were AIS C with a neurological level at C4. The most common
mechanism of injury was motor vehicle accident (n= 13) in the
hypothermia group and fall from standing/height (n= 11) in the
control group. All patients in the hypothermia arm underwent
spinal surgery. Twenty-four patients (88.9%) in the hypothermia
group underwent surgery within 24 h of the injury. Of the 3
patients who underwent delayed surgical decompression, one
patient underwent surgery during the cooling phase of the
hypothermia protocol at 28 h after injury. The other 2 patients
underwent delayed surgical decompression at 153 and 411 h after
injury. One control patient underwent surgery within 24 h but the
exact time of surgery was not available. All control patients
underwent surgical decompression within 24 h except 3 patients
who underwent surgery at 25.1, 38.9 and 40 h. The median time
interval between injury and surgery was not significantly different
between the two groups (p= 0.34, Table 1).
Chemoprophylaxis for deep vein thrombosis was started in all

patients in the hypothermia group (enoxaparin (n= 24), heparin
(n= 2)). Data was not available for one patient in the hypothermia
group. Chemoprophylaxis was started in 21 patients in the control
group (enoxaparin (n= 12), heparin (n= 9)). In the hypothermia
group, chemoprophylaxis was started on post-injury day 0 (n= 3),
day 1 (n= 14), day 2 (n= 5), day 3 (n= 2),day 7 (n= 1) and day 21
(n= 1). In the control group, chemoprophylaxis was started on post-
injury day 0 (n= 3), day 1 (n= 7), day 2 (n= 10), and day 3 (n= 1).
There was no statistical significance between timing of chemopro-
phylaxis between the two groups (Chi-square 8.7, p= 0.07). The rates
of deep vein thrombosis (hypothermia: n= 4 (14.8%) vs control: n=
4 (17.4%), p= 0.71) and pulmonary embolism (hypothermia: n= 3
(11.1%) vs control: n= 2 (8.7%), p= 1.0). Tracheostomy was
performed in 9 patients (33.3%) in the hypothermia group and 8
patients (34.7%) in the control group (p= 0.76). One patient in the
control group did not have available data on estimated blood loss,
chemoprophylaxis or tracheostomy status. Twenty-six patients (96%)

Table 1. Baseline demographic and clinical data.

Hypothermia Controls P value

N 27 23

Age, years, median
(range)

39 (18–70) 59 (21–69) 0.02*

Sex (male/female) 23/4 18/5 0.53

Mechanism of Injury (%) 0.54

Motor vehicle accident 13 (48.1) 9 (39.1)

Fall 8 (29.6) 11 (47.8)

Sports injury 5 (18.5) 2 (8.7)

Other 1 (3.7) 1 (4.3)

AIS grade (%) 0.15

A 4 (14.8) 8 (34.8)

B 10 (37) 4 (17.4)

C 13 (48.1) 11 (47.8)

Neurological level (%) 0.49

C3 0 (0) 1 (4.3)

C4 14 (51.9) 13 (56.5)

C5 12 (44.4) 7 (30.4)

C6 1 (3.7) 2 (8.7)

Time between injury and
surgery, hours, median
(range)

10.2 (4.9–411.7) 13.4
(3.7–40)

0.34

Estimated blood loss, ml,
median (range)

100 (10–300) 150
(20–500)

0.71

*Statistically significant, p < 0.05.
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in the hypothermia group and 21 patients (91.3%) in the control
group had 6 week follow-up data available. Follow-up data on
change in AIS grade will be reported in a separate manuscript.

Complication profile
Respiratory complications were the most common complication in
both the hypothermia group and control group (Fig. 1). Respira-
tory failure (n= 15, 55.6%), and pneumonia (n= 10, 37%) were the
most common respiratory complication in the hypothermia group.
Cardiac complications, particularly, bradycardia was seen in 7
patients (25.9%) in the hypothermia group. In the control group,
respiratory failure was seen in 12 patients (52.2%) and pneumonia
in 5 patients (21.7%). Bradycardia was seen in 5 patients (21.7%) in
the control group. There was no significant difference in the
incidence of any complication between the two groups (Table 2).
No significant difference in the incidence of a particular
complication group (Table 3) was noted between the two groups.
Description of select complications in the hypothermia group.

Cardiac arrest
This patient was admitted with C4 AIS A and improved to AIS B by
6 weeks. At 7 weeks after injury, this patient sustained a cardiac
arrest twice, and EEG showed anoxic brain injury, after which the
patient was discharged to palliative care and expired. The cardiac
arrest was not attributed to hypothermia as the hypothermia
protocol was completed successfully and safely within first 4 days
of the SCI, while the cardiac arrest took place 53 days later.

Stroke
This patient presented with vertebral artery dissection and devel-
oped vertebral artery occlusion leading to the cerebellar stroke.

Do not resuscitate (DNR)
This patient presented with history of bipolar disorder and AIS A, C4
SCI. After hypothermia protocol was completed, the patient
recovered from AIS A to AIS B. One week after the SCI, acute,
unspecified encephalopathy was reported by the ICU team as the
patient’s respiratory status also declined. As re-intubation was
deemed necessary, it was discussed with the patient who declined.
After psychiatric evaluation, a DNR order was signed and subject
expired.

Thrombocytopenia
Thrombocytopenia was reported as a complication in the medical
record for a single subject in the hypothermia group. The DSMB
reviewed this but did not attribute it to the hypothermia protocol.

Acute renal failure
The patient who developed acute renal failure had a complicated
course of in-patient stay. This included pneumothorax, rhabdo-
myolysis, acute liver injury, upper limb deep vein thrombosis,
bradycardia, and urinary tract infection. Since the multi-system
injury potentially contributed to the renal failure, it was
determined that renal failure was not attributable to the
hypothermia.

DISCUSSION
The majority of previous studies on complications after acute SCI
have been retrospective reviews of SCI patient data [9–13].
Grossman et al. [8]. published a prospective, multi-center study
using the North American Clinical Trials Network database, and
showed that 57.8% of patients had at least one complication after
acute SCI. Given that acute SCI is associated with several systemic
complications, the authors highlighted the need for prospective
data with a control group to evaluate complications specifically
associated with the therapeutic intervention. Our study design
adheres to these recommendations provides a reference for the
expected complication rate and profile when using systemic
hypothermia for acute cervical SCI. This study includes prospective
multi-center data with a comparative control group and a larger
number of subjects compared to prior studies describing
complications with systemic hypothermia for acute SCI [5–7].
Respiratory complications were the commonest complication in
the hypothermia group. Systemic hypothermia was not indepen-
dently associated with an increased risk of complications in the
first 6 weeks after acute cervical SCI.
Pulmonary complications, particularly respiratory failure, are

common after acute cervical SCI and are an important contributor
to morbidity and mortality [14]. Jackson and Groomes [15]
evaluated prospectively collected data from five SCI care systems
and found the incidence of respiratory complications to be 67%
after acute SCI. Grossman et al. [8]. showed that the pulmonary
complications were seen in 38.4% of patients with acute SCI
(cervical and thoracic), excluding pneumonia. Pulmonary compli-
cations are more common after acute cervical SCI [15, 16],
particularly with an injury level of C4 and above [14, 15]. We found
the rate of at least one pulmonary complication (including
pneumonia) in the first 6 weeks was higher in the hypothermia
group (74.1%) compared to the control group (60.9%), however,
the difference was not statistically significant (Table 3). Chest wall
injuries and pulmonary contusions sustained during trauma can
also contribute to respiratory complications after acute SCI.

Fig. 1 Profile of complications within 6 weeks after acute cervical SCI. ARDS acute respiratory distress syndrome, UTI urinary tract infection,
DVT deep vein thrombosis, AMS altered mental status, DNR do not resuscitate status.
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However, severe systemic injury was an exclusion criterion in this
study, and therefore patients with substantial associated injuries
were excluded from this study. Similar to prior studies, we found
that SCI patients with more complete injury had a higher risk of
pulmonary complications [14]. In prior studies [5–7], pulmonary
complications were seen in 83% of patients and pneumonia was
seen in 57–60% of acute cervical SCI patients receiving systemic
hypothermia. These studies, however, included only patients with
AIS A cervical SCI, and completeness of injury is known to be

associated with a higher rate of pulmonary complications after
acute SCI [14].
Cardiac adverse events are a known complication for patients

undergoing systemic hypothermia. Similar to a prior study [5],
bradycardia (n= 7, 26%) was a common complication in the acute
period during the systemic hypothermia protocol. Animal studies
have shown that therapeutic hypothermia can cause systolic and
diastolic dysfunction [17], possibly related to persistently high
intracellular myocardial calcium concentration during the cooling

Table 2. Complication groups and incidence in hypothermia and control group [n (%)].

Group Hypothermia Control P value

Respiratory Respiratory failure 15 (55.6) 12 (52.2) 0.81

Pneumonia 10 (37) 5 (21.7) 0.36

Pulmonary edema 5 (18.5) 1 (4.3) 0.19

Pleural effusion 3 (11.1) 1 (4.4) 0.61

Acute respiratory distress syndrome 2 (7.4) 1 (4.4) 1.0

Desaturation 2 (7.4) 0 (0) 0.5

Mucus plug 1 (3.7) (0) 1.0

Lung contusion 1 (3.7) 1 (4.3) 1.0

Pneumothorax 3 (11.1) 2 (8.7) 1.0

Cardiac Cardiac arrest 1 (3.7) 0 (0) 1.0

Tachycardia/other dysrhythmia 0 (0) 1 (4.3) 0.46

Bradycardia 7 (25.9) 5 (21.7) 0.73

Paroxysmal atrial fibrillation 0 (0) 1 (4.3) 0.46

Neurological Cerebellar stroke 1 (3.7) 0 (0) 1.0

Encephalopathy 1 (3.7) 0 (0) 1.0

Anoxic brain injury 1 (3.7) 0 (0) 1.0

Neurogenic shock 4 (14.8) 2 (8.7) 0.67

Psychosis/altered mental status/depression 1 (3.7) 5 (21.7) 0.08

Infection Urinary tract infection 2 (7.4) 4 (17.4) 0.39

Sepsis 1 (3.7) 0 (0) 1.0

Lyme disease 0 (0) 1 (4.3) 0.46

Bacteremia 2 (7.4) 0 (0) 0.49

Parotiditis 1 (3.7) 0 (0) 1.0

Yeast infection 1 (3.7) 1 (4.3) 1.0

Wound infection 0 (0) 1 (4.3) 0.46

Hematology Anemia 3 (11.1) 6 (26.1) 0.27

Leukopenia 1 (3.7) 1 (4.3) 1.0

Thrombocytopenia 1 (3.7) (0) 1.0

Hematuria 1 (3.7) 1 (4.3) 1.0

Hemorrhage 0 (0) 3 (13) 0.09

DVT/PE Deep vein thrombosis 4 (14.8) 4 (17.4) 0.71

Pulmonary embolus 3 (11.1) 2 (8.7) 1.0

Renal Electrolyte imbalance 1 (3.7) 1 (4.3) 1.0

Acute renal failure 1 (3.7) (0) 1.0

Rhabdomyolysis 1 (3.7) 1 (4.3) 1.0

Renal cyst/stone 0 (0) 1 (4.3) 0.46

Gastrointestinal Acute liver injury 1 (3.7) 0 (0) 1.0

Ileus/enterocolitis 1 (3.7) 2 (8.7) 0.59

Ascites 0 (0) 1 (4.3) 0.46

Decubitus Ulcer Decubitus ulcer 3 (11.1) 4 (17.4) 0.69

DNR/Death/Withdrawal of care DNR/withdrawal of care 1 (3.7) 0 (0) 1.0

Death 1 (3.7) 0 (0) 1.0

DVT/PE deep vein thrombosis/pulmonary embolus, DNR do not resuscitate status.
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phase [18]. Systemic mild or moderate hypothermia can produce
transient arrythmias [19, 20]. Profound cardiac side effects are
more associated with deep hypothermia (<=30 C) [21], however,
we employed a modest hypothermia (33 C) protocol in this study.
Additionally, no patient in this study required interruption of the
hypothermia protocol due to bradycardia or arrythmia.
Endovascular cooling catheters have been associated with an

increased risk of deep vein thrombosis [22, 23]. The rates of deep
vein thrombosis was not significantly higher in the hypothermia
group in this study, despite doppler assessments after catheter
removal in the hypothermia group. The cooling catheter was
removed as soon as the cooling phase was completed to reduce
the risk of deep vein thrombosis. Differences in choice of
chemoprophylaxis agent reflect practice variations across institu-
tions in this multi-center study, and more patients in the
hypothermia group received enoxaparin. Systemic hypothermia
has also been shown to cause coagulopathy and thrombocyto-
penia [24, 25]. However, we found no increased risk of
hemorrhage or thrombocytopenia in the hypothermia group.
Surgical decompression in the hypothermia group was performed
during the cooling phase in 25 patients (92.6%), and the estimated
blood loss was not significantly higher in the hypothermia group.
The effect of systemic hypothermia on neurological outcomes

will be published in a separate manuscript. In this manuscript, we
present preliminary results on complications associated with
modest systemic hypothermia after acute cervical SCI in a multi-
center controlled study. This the most complete set of data
available in this study, and we believe that one of the challenges
of recruiting subjects for the study is the small number of centers
with the capability or willingness to perform systemic hypother-
mia for acute SCI. The aim of this manuscript was to detail the
complication profile of systemic hypothermia in acute SCI using
prospective, multi-center data. Our expectation is that this
manuscript will address safety concerns with systemic hypother-
mia and increase adoption of the technique by other centers.
Additionally, this manuscript represents a considerable improve-
ment since prior published research in this area.The study is,
however, limited by the small number of patients and the unequal
distribution of patients across study sites. The complication rates
are similar between the hypothermia and control group despite
the younger age and lower number of AIS A subjects in the
hypothermia group. Although this may point to an unexpectedly
higher rate of complications in the hypothermia group, we could
not come to this conclusion due to the limited data we had on
systemic injuries. Since high impact injuries were more common
in the hypothermia group (motor vehicle accidents [48.1% vs
39.1%] and sports injuries [18.5% vs 8.7%]), while falls were the
most common injury in the control group (47.8%), it is possible
that systemic injuries contributed to the unexpectedly higher rate
of complications in the hypothermia group. Again, we anticipate

the differences in age, AIS grade and injury mechanism to reduce
as we enroll more subjects in the trial.
The difference in age between the two groups was unantici-

pated and we expect that the difference in median age between
the two groups will lessen as more subjects are enrolled in the
study. Since the inclusion criteria for this study were fairly strict,
the complication profile may not be generalizable to all acute SCI
patients. As one of the first prospective, multicenter controlled
studies to use modest systemic hypothermia for acute cervical SCI,
this study describes an acceptable adverse event rate for modest
systemic hypothermia that is not greater than that seen with
standard of care.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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