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Context: Intraoperative blood loss during open lumbar spine surgery is associated 
with adverse events and is a contributor to higher medical costs. Intraoperative hy-
pothermia has been shown to increase blood loss and postoperative allogeneic blood 
transfusion rates in other realms of orthopedic surgery, but it has not been studied 
extensively in patients undergoing spine surgery.

Objective: To determine whether a clinically relevant association exists between in-
traoperative core body temperature and blood loss or transfusion rates in adult patients 
undergoing open lumbar spine surgery.

Methods: In this retrospective medical record review, the surgical records of  
174 adult patients who underwent open, nonmicroscopically assisted lumbar spine sur-
gery performed by a single surgeon at a single institution were evaluated. Maximum, 
minimum, and average temperature, hypothermic temperature, and temperature range 
parameters were compared with intraoperative, total, and net blood loss and blood 
transfusion parameters. Additional patient demographic and perioperative character-
istics were compared with blood loss and transfusion parameters to determine poten-
tial confounders. Analysis of variance, Spearman rank correlation, and generalized 
multiple linear regression analysis were performed to test for an association between 
temperature and blood loss or allogeneic transfusion rates. Statistical significance was 
set at P≤.05.

Results: After implementation of exclusion criteria, 160 patient records and 168 
surgical procedures were included in the analysis. For patients whose temperature 
decreased to a hypothermic level at some point during the procedure, hypothermic 
maximum temperature was protective against blood loss on bivariate analysis (P≤.02), 
but this finding lost significance after multivariate regression analysis (P>.09). Tem-
perature range was associated with increased blood loss on bivariate analyses (P<.001) 
but also lost significance after adjusting for covariates in regression analysis (P≥.65). 
Surgery type (P≤.001) and operative time (P≤.001) were the most robust predictors 
of increased blood loss (P=.005) and were significantly associated with temperature 
(P<.001). 

Conclusion: No effect was found on perioperative blood loss from any temperature 
parameter or hypothermia in adult patients who underwent lumbar spine surgery once 
covariates were controlled for with multivariate analysis. One possible interpretation 
of these results is that the effect of temperature on blood loss can be explained by its 
strong relationship to the confounders of operative time and surgery type.
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	 The purpose of the present study was to determine 
whether a clinically relevant association exists between 
intraoperative core body temperatures and perioperative 
blood loss or transfusion rates in adult patients under-
going open lumbar spine surgery. We hypothesized that 
hypothermia would result in a statistically significant 
increase in blood loss and allogeneic transfusion rates in 
these patients.

Methods
After obtaining approval from the local institutional  
review board, we generated a database of patients aged 
18 years or older who had open, nonmicroscopically  
assisted lumbar intersegmental decompression, decom-
pressive laminectomy, instrumented fusion, non- 
instrumented fusion, or anterior or posterior interbody 
fusion operations. Two authors (N.S.T. and F.P.K.) retro-
spectively and independently reviewed the hospital  
records of all cases performed by the same surgeon 
(J.M.C.) at a single institution between January 2010 and 
March 2013. All adult patients were included in the 
study, and those with inadequate documentation of study 
variables were excluded.
	 To test our study hypothesis, maximum temperature 
(Tmax), minimum temperature (Tmin), and average tem-
perature (Ta) were measured via esophageal probe every 
15 minutes during the procedure. Temperature range (Tr) 
was calculated as Tmax – Tmin. Intraoperative blood loss, 
total blood loss with postoperative drain output factored 
in, and net blood loss after transfusion (intraoperative 
autogenous via Cell Saver [Haemonetics] or postopera-
tive allogeneic) were also recorded. Intraoperative blood 
loss was estimated for all operations using the amount of 
fluid suctioned during the procedure minus any irrigation 
used. When a surgical sponge was used, the sponge was 
weighed to estimate the amount of blood soaked up, with 
1 g of additional weight from a dry sponge corresponding 
to 1 mL of blood. To test for associations with blood loss, 
temperature variables were analyzed both as continuous 

Intraoperative blood loss is expected during any 
open surgical procedure, with harmful sequelae 
proportional to the amount of blood lost. Postop-

erative anemia due to hemodilution from perioperative 
intravenous fluid administration and blood loss from 
surgical dissection can lead to complications ranging 
from mild dizziness to death.1 Many preventive and 
palliative strategies exist to mitigate postoperative ane-
mia. The standard treatment for patients with symp-
tomatic or excessive postoperative anemia is allogeneic 
blood transfusion. However, this treatment does not 
come without its own complications, some of which 
can be fatal.1,2

	 According to a 2010 review,3 blood loss in adult pa-
tients undergoing spine surgery continues to be a major 
problem despite multiple available treatment strategies. 
The authors of the study also noted a lack of quality evi-
dence supporting minimization of intraoperative hypo-
thermia as a means of decreasing intraoperative blood 
loss and its related complications.3

	 Clinical4-8 and basic science9-20 research supports the 
association between core hypothermia and increased 
surgical blood loss. Mild hypothermia, defined as core 
body temperature between 34°C and 36°C, has been 
shown to increase blood loss and transfusion require-
ments in patients undergoing total hip replacement.5 The 
same study also showed that maintaining intraoperative 
normothermia reduced blood loss and allogeneic blood 
transfusions.5 This result was supported by another 
study,6 which showed that maintaining a tympanic mem-
brane temperature greater than 36.5°C during total hip 
replacement reduced intraoperative blood loss and allo-
geneic blood transfusion. In a review by Rajagopalan et 
al,7 mild hypothermia independently increased blood 
loss by an average of 16% and the relative risk for trans-
fusion by an average of 22%. The authors also found that 
strict maintenance of normothermia within a narrow 
range reduced blood loss and transfusion requirements.7 
Limited research is available investigating these relation-
ships in orthopedic spine surgery.3
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subjectively reserved for patients who had greater intra-
operative blood loss or longer operative times. No suc-
tion was applied to the drains if an incidental durotomy 
occurred intraoperatively.
	 All study data were entered into a spreadsheet and 
confirmed by each author reviewing the medical record 
data during patient database generation. Descriptive 
statistics were presented as frequencies for the categor-
ical variables of maximum, minimum, and average hy-
pothermic temperature (core body temperature ≤36.5°C 
was or was not reached); autogenous and allogeneic 
transfusion (transfusion was or was not performed); 
sex; smoking history; preoperative anticoagulant use; 
preoperative NSAID use; primary diagnosis; surgery 
type; whether the procedure was a surgical revision; 
number of spinal segments involved; incidental du-
rotomy; use of deep wound drains; iliac crest bone 
grafting; perioperative surgical site infection; periop-
erative mortality; length of hospital stay; and discharge 
disposition. Descriptive statistics were presented as 
mean and range for the continuous variables of max-
imum, minimum, and average core body temperature 
(°C); temperature range; intraoperative, total, and net 
blood loss; autogenous and allogeneic transfusion 
(mL); age; BMI; operative time; and maximum, min-
imum, and average intraoperative MAP.
	 A t test, 1-way analysis of variance (ANOVA), and 
Spearman rank correlation were used to test for associa-
tions between secondary variables and temperature with 
blood loss. The Welch t test and ANOVA were used when 
equal variance was not satisfied. The Spearman rank cor-
relation was used because the blood loss data were 
skewed to the right, and this test can assess the strength 
of both linear and nonlinear relationships. For statisti-
cally significant results, estimates and 95% CIs were re-
ported. The Tukey multiple comparisons tests were used 
as needed in ANOVA analyses to control the type I ex-
perimental error rate at α=.05. Categories with statisti-
cally significant differences indicated by the Tukey test 
were presented as mean (SD).

(ie, in °C) and as binary categorical (ie, hypothermic 
levels ≤36.5°C were or were not reached).
	 To avoid possible spurious associations, information 
for secondary variables related to patient demographic 
and other perioperative characteristics was collected and 
compared with the blood loss parameters. For demo-
graphic characteristics, information was collected on 
patient age, sex, race, body mass index (BMI), smoking 
history, preoperative anticoagulant use, and preoperative 
nonsteroidal anti-inflammatory drug (NSAID) use. Pa-
tient comorbidities that are known risk factors for in-
creased blood loss, including liver disease and known 
bleeding diatheses, were also recorded. For perioperative 
characteristics, information was collected on primary 
diagnosis; surgery type; whether the procedure was a 
surgical revision; operative time; number of spinal seg-
ments involved; maximum, minimum, and average intra-
operative mean arterial pressure (MAP); incidental 
durotomy; use of deep wound drains; iliac crest bone 
grafting; perioperative surgical site infection; periopera-
tive mortality; length of hospital stay; and discharge 
disposition (eg, home, subacute rehabilitation facility). 
	 Specific procedures were in place for some of the 
secondary variables at the institution where the surgical 
procedures were performed. For instance, any patients 
taking anticoagulants were asked to stop taking those 
medications in accordance with each medication’s rec-
ommendation, such that the target international normal-
ized ratio would be less than 1.4 by the time of surgery. 
To avoid excessive blood loss due to platelet dysfunc-
tion, NSAID use was halted 14 days preoperatively, but 
patients taking a cardioprotective dose of 81 mg of as-
pirin daily could continue taking that medication up 
until the day of the procedure. The autologous blood 
collection system was used in patients with an antici-
pated greater intraoperative blood loss (ie, those under-
going instrumented fusions, interbody fusions, and 
multilevel decompressive laminectomies). Allogeneic 
blood transfusion was reserved for patients with symp-
tomatic postoperative anemia. Deep wound drains were 
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	 A generalized multiple linear regression analysis was 
carried out to test the association between temperature 
and blood loss while controlling for demographic or 
perioperative secondary variables. Neither categorical 
factors of deep wound drains nor transfusions were con-
sidered plausible risk factors because they were reactions 
to blood loss or factors occurring after the procedure, 
such as hospital length of stay. Body mass index, preop-
erative anticoagulant use, surgery type, operative time, 
number of spinal segments involved, and incidental du-
rotomy were covariates included in all 3 regression 
models. Further, age, preoperative NSAID use, primary 
diagnosis, and maximum MAP were included in the 
model that fit intraoperative blood loss. The model that 
fit total blood loss included age, preoperative NSAID 
use, and perioperative surgical site infection, and sex was 
included in the model fitting net blood loss.
	 Generalized linear models were used with a γ re-
sponse distribution and log link because the parametric 
data on raw blood loss were skewed to the right. Poten-
tial confounders were eliminated only if P>.20.21 The 
proportion of variance explained by the predictors was 
reported as the square of the estimated correlation mea-
sure between the response and predicted values.22 Subse-
quent testing of the relationship between each 
temperature measure and current blood loss measure was 
performed. The relationship between each of the covari-
ates included in the final model and temperature was as-
sessed using both χ2 tests and ANOVA. SAS software 
(version 9.3) was used for all analyses. Statistical signifi-
cance was set at P≤.05.

Results
Fourteen of 174 patients (182 operations) were excluded 
from our analyses because of incomplete intraoperative 
temperature documentation. Data from 168 operations on 
160 patients were included. Six patients had 2 operations 
and 1 patient had 3 operations during the study period; 
however, each of these patients had more than 180 days 

between the operations. Each of these surgical procedures 
was considered an independent event during analysis; 
statistical results did not change when analyses used data 
on only 1 operation per patient. 
	 When temperature was examined as a continuous 
variable on bivariate analysis, Spearman rank correlation 
analyses indicated no association between Tmax, Tmin, or 
Ta and intraoperative, total, or net blood loss (all P≥.06). 
However, Tr had a significant positive correlation with all 
3 blood loss parameters (ρ≥0.28; all P<.001) (Table 1).
	 When temperature was examined as a binary vari-
able (≤36.5°C), patients with hypothermic Tmax had less 
total blood loss than those without (–151 mL [95% CI, 
–284 to –19 mL]; P=.03) (Table 2). Evidence was not 
statistically significant for intraoperative blood loss  
and net blood loss (P=.08 and P=.06, respectively). 
Conversely, patients with hypothermic Tmin had more 
blood loss in all 3 parameters (all P≤.05). On further 
investigation, 18 patients recorded both Tmax and Tmin 
greater than 36.5ºC (group 1), and 64 patients had  
Tmax greater than 36.5°C but Tmin less than or equal to 
36.5°C (group 2). The remaining 86 patients had both 
Tmax and Tmin less than or equal to 36.5°C (group 3). 
When Tmin was greater than 36.5°C, these differences in 
intraoperative, total, and net blood loss between group 1 
and group 2 were negative, and group 1 had lower but not 
significant levels of blood loss (P=.17, P=.25, and P=.45, 
respectively). When Tmin was less than or equal to 36.5°C, 
differences between group 2 and group 3 were positive, 
and group 2 had significantly greater levels of blood loss 
(130 mL [95% CI, 19-222 mL], 242 mL [95% CI, 106-377 
mL], and 148 mL [95% CI, 44-251 mL]; P=.02, P<.001, 
and P=.01, respectively). Owing to the larger sample size 
of group 2, the main effect of groups 1 and 2 vs group 3 
was positive, which is not useful in the presence of an in-
teraction. There was no significant difference between 
group 1 and group 3 in intraoperative, total, or net blood 
loss (P=.35, P=.25, and P=.45, respectively). Hypo-
thermic Ta had no correlation with any of the blood loss 
parameters (all P≥.89).



ORIGINAL CONTRIBUTION

The Journal of the American Osteopathic Association    November 2014  |  Vol 114  |  No. 11832

tively). A primary diagnosis of spondylolisthesis was 
associated with the greatest amounts of blood loss. The 
Tukey post-hoc multiple comparison indicated that the 
mean (SD) total blood loss in patients with a primary 
diagnosis of spondylolisthesis (950 [550] mL) was sig-
nificantly greater than in patients with a combination of 
primary diagnoses (630 [430] mL; adjusted P=.045) or 
acquired lumbar spinal stenosis (ALSS) (360 [310] mL; 
adjusted P<.001). Total blood loss in patients with com-
bined diagnoses was also larger than ALSS (adjusted 
P=.01). Mean (SD) net blood loss was significantly 
greater for spondylolisthesis than ALSS (670 [320] mL 
vs 320 [270] mL, respectively; adjusted P=.004). Sur-
gery type was also significantly associated with intraop-
erative, total, and net blood loss (all P≤.001), with 
instrumented fusion (IF) and posterior lumbar interbody 
fusion (PLIF) having the greatest amounts of blood loss 
(Figure 1). 
	 The Tukey post-hoc multiple comparison indicated 
that the mean (SD) intraoperative blood loss in patients 
who underwent IF (950 [550] mL) or PLIF (430 [290] 
mL) was significantly greater than in patients who  
underwent intersegmental decompression (ID) (170 
[210] mL) (adjusted P<.001 and P=.005, respectively). 
Mean (SD) total blood loss was significantly greater in 
patients who underwent IF (830 [410] mL) or PLIF  

	 The number of surgical procedures in which an intra-
operative autogenous transfusion was necessary was  
66 (39%), with a mean volume of 268 mL transfused. 
Procedures requiring this type of transfusion had signifi-
cantly greater mean levels in all 3 blood loss parameters 
(all P<.001). Nonzero autogenous transfusion volume 
was positively correlated with all 3 blood loss parameters 
(all P<.001). In 4 operations (2%), allogeneic transfusion 
was required, with a mean volume of 525 mL transfused. 
Patients who required this type of transfusion had greater 
average levels of intraoperative and net blood loss 
(P=.047 and P=.03, respectively).
	 A weak negative correlation was observed between 
age and intraoperative, total, and net blood loss (ρ= –0.20, 
P=.009; ρ=–0.23, P=.003; and ρ=–0.20, P=.008,  
respectively). There was a small but significant positive 
correlation between BMI and the blood loss parameters 
(ρ=0.24, P=.002; ρ=0.27, P<.001; and ρ=0.27, P<.001, 
respectively). There was a significant increase in intraop-
erative, total, and net blood loss between patients who had 
taken preoperative NSAIDs and those who had not  
(135 mL [95% CI, 48-222 mL], 200 mL [95% CI, 70- 
330 mL], and 128 mL [95% CI, 30-226 mL], respectively; 
all P<.01).
	 Primary diagnosis was significantly associated with 
total and net blood loss (P=.02 and P=.008, respec-

Table 1.  
Test Statistics by Blood Loss and Body Temperature of Adult Patients  
Undergoing Open Lumbar Spine Surgery (N=160)a

	 Test Statisticsb by Blood Loss

	 Mean (SD) Body	 Intraoperative	 Total	 Net 

Body Temperature Group	 Temperature, °C	 	 P Value	 	 P Value	 	 P Value

Maximum (n=86)	 36.5 (0.63)	 0.09	 .23	 0.14	 .08	 0.15	 .06

Minimum (n=150)	 35.8 (0.74)	 −0.11	 .17	 −0.08	 .30	 −0.04	 .61

Average (n=126)	 36.2 (0.59)	 0.05	 .54	 0.07	 .37	 0.08	 .28

Range	 0.69 (0.64)	 0.30	 <.001	 0.33	 <.001	 0.28	 <.001

a		 Six patients underwent 2 surgical procedures and 1 underwent 3 procedures, for a total of 168 surgical procedures.
b	 Test statistics calculated using Spearman rank correlation and t tests.
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rotomy vs those who did not (180 mL [95% CI, 69-290 
mL]; P=.01). Similarly, a significant increase was ob-
served in intraoperative, total, and net blood loss be-
tween patients who were given deep wound drains and 
those who were not (258 mL [95% CI, 189-328 mL] mL, 
614 mL [95% CI, 533-696 mL], and 441 mL [95% CI, 
375-508 mL], respectively; all P<.001). Patients with a 
perioperative surgical site infection had a significant in-
crease in total blood loss only (743 mL [95% CI, 429-
1057 mL]; P<.001). Hospital length of stay showed a 
positive correlation with all 3 blood loss parameters 
(ρ=0.33, ρ=0.35, and ρ=0.28, respectively; all P<.001).
	 No continuous or categorical temperature variable 
was significant after controlling for covariates as de-
scribed above (all P>.09). In the multivariate analysis, 
the models explained 44%, 54%, and 44% of the varia-
tion in intraoperative, total, and net blood loss, respec-
tively. The removal of procedure length, used in all  

(410 [560] mL) than in patients who underwent de-
compressive laminectomy (DL) (370 [310] mL) or ID 
(220 [260] mL) (both adjusted P<.001). Also, mean (SD) 
net blood loss was significantly greater in patients who 
underwent IF (650 [300] mL) than in patients who under-
went DL (340 [270] mL, adjusted P<.001), non-IF  
(260 [260] mL, adjusted P=.03), or ID (200 [200] mL, 
adjusted P<.001). Mean (SD) PLIF (560 [300] mL) was 
also greater than DL (adjusted P=.01) and ID (adjusted 
P<.001). There was a strong correlation with operative 
time and the 3 blood loss variables (ρ=0.66, P<.001; 
ρ=0.75, P<.001; and ρ=0.64, P<.001, respectively) 
(Figure 2). Minimum intraoperative MAP was weakly 
correlated with less blood loss for all 3 parameters  
(ρ=–0.19, P=.02; ρ=–0.24, P=.002; and ρ=–0.26, 
P<.001, respectively).
	 There was a significant increase in intraoperative 
blood loss between patients who had an incidental du-

Table 2.  
Mean (SD) Blood Loss by Body Temperature of Adult Patients  
Undergoing Open Lumbar Spine Surgery (N=160)a

 
	 Mean (SD) Blood Loss, mL 

Body Temperature	 Intraoperative	 Total 	 Netb

Maximum (n=86)

  Hypothermic	 302 (222)	 504 (358)	 414 (293)

  Nonhypothermic	 381 (348)	 655 (497)	 508 (355)

    P value	 .08c	 .03c	 .06

Minimum (n=150)

  Hypothermic	 358 (300)	 608 (442)	 478 (330)

  Nonhypothermic	 201 (164)	 332 (290)	 316 (265)

    P value	 .002c	 .001c	 .047

Average (n=126)

  Hypothermic	 339 (281)	 577 (431)	 458 (333)

  Nonhypothermic	 346 (329)	 581 (458)	 467 (313)

    P value	 .90	 .95	 .87

a		 Six patients underwent 2 surgical procedures and 1 underwent 3 procedures, for a total of 168 surgical procedures.
b	 Test statistics calculated using Spearman rank correlation and t tests.
c	 Welch analysis of variance.
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3 models, caused this proportion of variance explained 
by the predictors to decrease by 10%, 5%, and 4%, re-
spectively, indicating a clinically significant independent 
effect of procedure length on the blood loss parameters. 
Removal of surgery type caused a 15% and 11% point 
drop in total and net blood loss, respectively. Removal of 
preoperative NSAID use caused a 5% and 7% point drop 
in intraoperative and net blood loss, respectively. Finally, 
BMI caused a 7% point drop in net blood loss. The re-
maining predictor variables each caused less than 3% 
point drop decreases. Categories of temperature were 
strongly related to both surgery type (χ2=18.6; P=.005) 
and operative time (F=7.28; P<.001).

Discussion
In the present study, we failed to confirm any correlation 
with intraoperative core body temperature and periopera-
tive blood loss. In several of our bivariate analyses, core 
body temperature range was positively correlated with 
blood loss. Also, the group of patients that experienced 
both hypothermic and nonhypothermic temperatures 
during the operation was associated with significantly 
more blood loss than those patients who always stayed 
above or below hypothermic levels. Additionally, the 
greater blood loss associated with nonhypothermic  
Tmax depended on whether the patient had hypothermic 
Tmin, because hypothermic Tmin was associated with 
greater blood losses. However, all of these findings failed 

Figure 1.
Bivariate analysis of surgery type and intraoperative  
blood loss (A), total blood loss (B), and net blood loss (C). 
Points less than the first quartile or greater than the third 
quartile by more than 1.5 times the interquartile (IQR)  
range are plotted separately. The horizontal line in the  
middle of each box indicates the median, and the top  
and bottom borders of the box mark the third and first 
quartiles, respectively. The whiskers above and below  
the box mark the maximum and minimum, respectively,  
of the subset of the data ranging between 1.5 × IQR below  
the first quartile and 1.5 × IQR above the third quartile.  
The mean is represented by the diamond.

0

Non-IF
(n=5)

PLIF
(n=31)

ID
(n=31)

IF
(n=58)

DL
(n=42)

ALIF
(n=1)

500

1000

1500

2000

N
et

 B
lo

od
 L

os
s,

 m
L

Surgery

C

0

500

1000

1500

2000

In
tr

ao
pe

ra
tiv

e 
B

lo
od

 L
os

s,
 m

L

A

0

500

1000

1500

2000

To
ta

l B
lo

od
 L

os
s,

 m
L

B



ORIGINAL CONTRIBUTION

The Journal of the American Osteopathic Association    November 2014  |  Vol 114  |  No. 11 835

correlated to increased operative blood loss suggest that 
clotting inhibition may outweigh the procoagulant effect 
of hypothermia with respect to platelet function, leading to 
a net decrease in clotting. This predilection for decreased 
clotting with mild hypothermia has been shown to have 
clinical significance.4-7,18 However, we failed to confirm 
this conclusion because hypothermia failed to reach sig-
nificance as a risk factor for blood loss once confounders 
were accounted for.
	 Perioperative fluid administration and, thus, hemodi-
lution may independently exacerbate coagulopathy.18,19 
Perioperative fluid administration is required to maintain 
hydration status, electrolyte balance, and adequate blood 
pressure. Because restricting fluids is ill-advised, it is 
suggested that only a portion of perioperative coagulop-
athy could be mitigated by controlling core body tem-
perature.5-7 However, results of the present study failed to 
show any significance with any of our blood loss param-
eters, and hypothermic Tmin and Tr lost their statistical 
significance after multivariate regression analysis. Pre-
operative NSAID use, BMI, surgery type, and increased 
operative time had the largest independent effects on 
blood loss. This result was evidenced by the largest de-
creases in predictive power of the model on blood loss 
after removal of these variables.
	 Although there was a significant association be-
tween incidental durotomy and intraoperative blood 
loss, it seems that the confounders of surgery type, 
whether the procedure was a surgical revision, patient 
comorbidities, and operative time may more accurately 
account for this association, because there was no sig-
nificant association between incidental durotomy and 
total or net blood loss. These same factors may also 
account for the significant associations we observed 
between blood loss and perioperative surgical site in-
fection rate and length of hospital stay.
	 It was expected that patients who had deep wound 
drains would have significantly greater blood loss pa-
rameters, owing to the additional recorded perioperative 
blood loss compared with those who did not have a drain. 

to reach significance once confounders were accounted 
for with multivariate regression analysis.
	 To our knowledge, only 2 other studies4,23 have inves-
tigated the relationship between blood loss and core body 
temperature during spine surgery. In one study, patients 
who underwent elective spine surgery had an increased 
risk of infection with intraoperative hypothermia, but there 
was no association with blood loss and body tempera-
ture.23 However, with only 70 patients in that study, the 
results may have been underpowered. A prospective, ran-
domized controlled trial comparing blood loss in patients 
with and without an electrically heated body humidifier 
noted increased mean intraoperative blood loss and blood 
transfusion requirements in patients without the heated 
humidifier.4 These findings support our bivariate results 
that suggested that temperature range was correlated with 
increased blood loss rather than absolute hypothermia or 
other temperature parameters. One possible explanation 
for this finding is that the body may up- and down-regulate 
specific clotting factors in response to temperature 
changes, but it is unable to keep up with extreme fluctua-
tions in temperature, causing a wide temperature range to 
be more damaging than a lower absolute temperature. 
However, this speculation has yet to be confirmed in the 
basic science literature.
	 The mechanism by which hypothermia increases 
blood loss may be related to a multifactoral coagulopathy 
precipitated by subphysiologic body temperature.9-18 
Hypothermia has been shown to strongly inhibit multiple 
steps in the coagulation cascade, progressively pro-
longing the prothrombin and partial thromboplastin 
times with increasing hypothermia.9-11 Hypothermia also 
appears to disrupt thrombin and fibrinogen synthesis.12 
Furthermore, there seems to be an inhibition of platelet 
activation through multiple mediators that is reversible 
with increases in temperature.13-15

	 Although hypothermia has been shown to disrupt 
platelet function,11,16 coagulation protease activity is inhib-
ited16 and platelet aggregation is increased17 at lower tem-
peratures. Studies4-8 that have found mild hypothermia 
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Our results supported this assumption. The presence or 
absence of a drain was accounted for in all patients 
during analyses of blood loss parameters by including 
those with (intraoperative, total, and net blood loss) and 
without (intraoperative and net blood loss only) the ad-
ditional recorded drain output as separate cohorts. Suc-
tion was applied to all deep wound drains with the 
exception of patients with an incidental durotomy. 
Therefore, total blood loss may have been artificially 
decreased in these patients as a result of the lack of  
suction continuing to pull blood from the surgical site, 
potentially confounding their select results.
	 The present study had several limitations. Because 
this was a retrospective observational study, no direct 
causal conclusions could be made regarding the rela-
tionship between intraoperative core body temperature 
and perioperative blood loss or blood transfusion rates 
in adult patients who underwent lumbar spine surgery. 
Likewise, there was no control cohort or homogeniza-
tion of specific perioperative measures. However, the 
same physician performed all operations at the same 
institution, and there were no major changes in tech-
niques, instrumentation, preferred implants, or manage-
ment strategies during the study period. Because of 
these similarities for all reviewed records, it seems 
probable that these variables did not affect the general-
izability of our results.
	 Because there were only 4 allogeneic blood transfu-
sions and 6 iliac crest bone graft procedures in the 
present study, we were unable to determine correlations 
of statistical significance with the primary variables. Ad-
ditionally, only 2 patients were nonwhite, 1 patient had 
documented liver disease, and none had a known 
bleeding diathesis, precluding analysis of these potential 
confounders. Preadmission testing was not routinely 
performed on all patients. Therefore, undetected preop-
erative anemia could not be analyzed. A larger cohort of 
patients may have obviated these issues. Further, with no 
strict protocol on drain use or monitoring of preoperative 
cessation of NSAIDs and anticoagulants, the findings 

Figure 2.
Bivariate analysis of operative time and intraoperative 
blood loss (A), total blood loss (B), and net blood loss (C).
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perature. Therefore, one possible interpretation of the 
results is that the effect of temperature on blood loss can 
be explained by its strong relationship to the confounders 
of surgery type and operative time. Increased BMI and 
preoperative NSAID use were additional significant in-
dependent predictors of increased blood loss, but to a 
lesser degree. Therefore, controlling the above con-
founders may have a more robust effect on blood loss 
than intraoperative normothermia.
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