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Abstract

BACKGROUND

Despite over 150,000 amputations of lower limbs annually, there remains a wide
variation in tourniquet practice patterns and no consensus on their necessity, especially
among orthopedic patient populations. The purpose of this study was to determine
whether tourniquet use in orthopedic patients undergoing below knee amputation
(BKA) was associated with a difference in calculated blood loss relative to no tourniquet

use.

AIM
To determine if tourniquet use in orthopedic patients undergoing below knee
amputation (BKA) was associated with a difference in calculated blood loss relative to

no tourniquet use.

METHODS

We performed a retrospective review of consecutive patients undergoing BKA by
orthopedic surgeons at a tertiary care hospital from 2008 through 2018. Blood loss was
calculated using a combination of the Nadler equation for preoperative blood volume
and a novel formula utilizing preoperative and postoperative hemoglobin levels and
transfusions. Univariate and forwards step-wise multivariate linear regressions were
performed to determine the association between tourniquet use and blood loss. A
Wilcoxon was used to determine the univariate relationship between tourniquet use
and blood loss for in the restricted subgroups of patients who underwent BKA for

trauma, tumor, and infection.

RESULTS
Of 97 eligible patients identified, 67 underwent surgery with a tourniquet and 30 did
not. In multivariate regression, tourniquet use was associated with a 488 mL decrease in

calculated blood loss (CI 119-857, P = 0.01). In subgroup analysis, no individual group




showed a statistically significant decrease in blood loss with tourniquet use. There was
no significant association between tourniquet use and either postoperative transfusions

or reoperation at one year.

CONCLUSION
We found that tourniquet use during BKA is associated with decreased calculated
intraoperative blood loss. We recommend that surgeons performing this procedure use

a tourniquet to minimize blood loss.
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Core Tip: We retrospectively evaluated 138 patients who underwent a BKA by an
orthopaedic surgeon and compared the calculated intraoperative blood loss between
patients who received or did not receive a tourniquet. We found that patients who did

receive a tourniquet had significantly lower blood loss than those who did not.

INTRODUCTION

Since its 2" century introduction to amputation surgery by Heliodorus, the
tourniquet has been nearly as enduring as the knife itself [I- 2l. Yet despite the
amputation of over 150,000 Lower limbs annually in the United States, there are wide
variations in tourniquet practice patterns and no consensus on their necessity during
limb removal [3l.

Tourniquet application during limb amputation is controversial. Historically, the
high rate of mortality associated with early amputations was attributed to both delayed

septicemia and immediate blood loss, leading surgeons such as Esmarch, Lister, and




Cushing to improve upon early designs during the 19tand 20t centuries 2. Today,
tourniquet use is associated with decreased intraoperative blood loss and fewer
transfusions in below knee amputations performed primarily in vascular surgery
settings i 5. However, this has hardly settled the question of whether they should be
used routinely for hemorrhage control during orthopedic limb removal. Throughout
the dissection, use of a tourniquet may provide a drier surgical field by slowing
intraoperative bleeding, but at the same time may limit the palpation of neurovascular
structures 18], Additionally, blood loss continues beyond the intraoperative period, and
application of a tourniquet may prevent the surgeon from identifying damage to small
vessels that continue to ooze postoperatively. There is also a theoretical risk of
damaging fragile atherosclerotic vessels as pneumatic pressure increases, leading to
swelling and blood loss in the perioperative period after the tourniquet has been
removed . This may explain studies finding no difference in total blood loss or
transfusions with tourniquet use in studies of both below knee amputation and total
knee arthroplasty [>-121.

There is a paucity of literature describing the association between tourniquet use
and blood loss during below knee amputation in orthopedic populations, which include
patients undergoing surgery for neoplastic disease, trauma, and infection [l
Furthermore, blood loss in prior studies has typically been recorded using surgeon
estimation, which is subjective, imprecise, and does not account for perioperative
“hidden” blood loss that continues after closure of the wound [10. 13, 14],

The primary purpose of this study was to determine whether tourniquet use in
orthopedic patients undergoing below knee amputation was associated with a
difference in calculated blood loss relative to no tourniquet use. Secondarily, we
assessed whether tourniquet application was associated with postoperative transfusions
during the inpatient stay or reoperation within one year. We hypothesized that
tourniquet use would not be associated with decreased blood loss, postoperative

transfusions, or reoperation within one year.




MATERIALS AND METHODS

With Institutional Review of Board approval, we retrospectively reviewed
consecutive patients undergoing below knee amputation by orthopedic surgeons at a
single academic institution over a ten-year period from January 1, 2008 to December 31,
2018. The hospital is a tertiary referral center for soft tissue sarcomas and a Level 1
trauma center. This study was conducted following STROBE guidelines 1],

Patients were identified by CPT code for below-knee amputation. To prevent
confounding by other sources of bleeding, patients were excluded if the indication for
below-knee amputation was a trauma that had occurred within one week, if they had
active gastrointestinal bleeding, or if they had a diagnosed bleeding disorder. We
excluded patients with through-knee amputations.|

Data for identified patients was collected from chart review including
demographic characteristics (e.g. age, sex), known or potential modifiers of blood loss
(e.g. kidney dysfunction, platelet count), and surgical data (e.g. indication for surgery,
intraoperative transfusions). A full list of variables that were collected can be found in
Supplemental Table 1. Tourniquet use and tourniquet time were taken from surgeon
operative reports. Post-operative hemoglobin and hematocrit results were taken within
72 h of the operation. We used the first post-operative hemoglobin in blood loss
calculations.

Blood loss was determined using a series of calculations. Preoperative blood

volume was calculated using patient height, weight, and gender by the Nadler formula

['].61:

Blood volume (Male) = 0.3669 x H~3 + 0.03219 x W + 0.6041
Blood volume (Female) = 0.3561 x HA3 + 0.03308 x W + 0.1833

Total blood loss was then determined using calculated blood volume, change in
hemoglobin concentration, and the mass of hemoglobin transfused intraoperatively,

based on modification of the formula by Wied, et al [101:




Total Mass of Hgb Lost = Blood volume (L) x (Hgb preop - Hgb postop) x 10 + Mass of
Transfused Hgb,

Where Mass of Transfused Hgb = 61.25g x Intraoperative Units Transfused [¢]
Blood Loss (L)= Total Mass of Hgb Lost/ (Hgb preop x 10)

We excluded five variables with >5% data missingness (functional capacity, ESR,
CRP, Alc, and albumin). The only remaining variable with missing data (creatinine,
2%) was included in regression analysis. Characteristics of patients undergoing below
knee amputation with and without tourniquet were compared using t tests or chi
square tests as appropriate.

For our primary outcome, we performed a univariate linear regression to
determine the association between tourniquet use and blood loss. We also ran subgroup
analyses by indication for surgery, using a Wilcoxon due to the non-parametric
distribution of blood loss and the low number of observations in each subgroup. We
then performed a forward stepwise regression with potential modifiers of the
association between tourniquet use and blood loss, sequentially retaining variables that
changed the estimation of the association by greater than 10 percent. We excluded the
surgeon as a variable from this analysis as it was thought to lie on a causal pathway
between indication and blood loss and was not generalizable. We also excluded
operative time due to the directionality of its association with tourniquet use and
because it likely lies along the causal pathway between tourniquet use and blood loss
[, To avoid spurious associations, we only included variables that were logically
associated tourniquet use and blood loss, and limited the variables tested to 10% of the
number of observations. We included interaction terms for variables of interest.

We then performed two logistic regressions in a similar fashion using
postoperative transfusion and reoperation in one year as outcomes. Postoperative

transfusions were only included if administered during the immediate inpatient stay.




Reoperations included stump revisions, revision to a higher-level amputation (e.g.
above-the-knee), and irrigation and debridement.

All statistical analysis was performed using R version 3.6.3 including the
packages tableone, dplyr, ggplot2, and chest. Statistical significance was determined at

0.05. The study was reviewed by our statistician Dr. Erik Woelber.

RESULTS

138 patients undergoing below knee amputation were identified by chart review.
41 patients were excluded because they sustained a trauma within the prior week,
leaving 97 patients for analysis. Of the patients identified, 67 underwent surgery with a
tourniquet and 30 did not. Indications included infection (69%, n = 67), trauma (11%, n
= 11), and tumor (20%, n = 19). Demographic characteristics are shown in Table 1. The
tourniquet group was older (56 vs 43 years, p<0.001) and had categorical differences in
indication for surgery (p<0.001).

In simple linear regression, tourniquet use was associated with significantly
decreased blood loss (-0.41 Liters, SE 0.17, P = 0.01) (Figure 1). The calculation allowed
for negative blood loss values to occur for 6 patients (6%). The plots reveal a right-
skewed distribution of calculated blood loss for both tourniquet and non-tourniquet
patients. In the analysis of restricted subgroups, no individual group showed a
statistically significant decrease in blood loss with tourniquet use (Figure 2).

Results of multivariate regression are shown in Table 2. Of the tested variables,
only the indication for surgery modified the association between tourniquet use and
blood loss above the 10% threshold for inclusion. Though it differed significantly
between tourniquet and non-tourniquet groups, age did not significantly modify the
association between tourniquet use and blood loss. Two patients with missing data for
creatinine were excluded from stepwise regression modelling but were included in the
final multivariate model. The interaction term between tourniquet use and indication
for surgery was not significant (P = 0.84 for trauma and P = 0.99 for tumor, relative to

infection).




Thirteen patients in the tourniquet group (19%) and six patierﬁ in the non-

tourniquet group (20%) received a postoperative transfusion. Twenty patients in the
tourniquet group (30%) and 13 patients in the non-tourniquet group (43%) underwent
an unplanned reoperation within one year of the index surgery. Adjusted secondary
analyses showed no statistically significant association between tourniquet use and
either inpatient blood transfusion after the first postoperative lab draw (OR 0.83, CI
0.25-2.72, P = 0.75) or reoperation at one year (OR 0.84, CI 0.26-2.79, P = 0.78).

DISCUSSION

We found that tourniquet use during below knee amputation is associated with
decreased calculated intraoperative blood loss. The decision to use a tourniquet
depends on multiple factors related to the individual patient, the underlying pathology
being treated, and surgeon preferences. However, based on these results, we
recommend that surgeons performing this procedure use a tourniquet if they wish to
minimize blood loss. Analysis of a larger database may provide supporting evidence for
tourniquet use in specific patient subgroups including patients with malignant tumors

and those who sustained acute traumatic injury.

CONCLUSION

We found that tourniquet use during below knee amputation is associated with
decreased calculated intraoperative blood loss. The decision to use a tourniquet
depends on multiple factors related to the individual patient, the underlying pathology
being treated, and surgeon preferences. However, based on these results, we
recommend that surgeons performing this procedure use a tourniquet if they wish to
minimize blood loss. Analysis of a larger database may provide supporting evidence for
tourniquet use in specific patient subgroups including patients with malignant tumors

and those who sustained acute traumatic injury.
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Research background

Below-knee amputation (BKA) is common procedure in the Orthopedic population.
Etiology for patients requiring this surgery are primarily trauma, infection, and
neoplastic disease. There is currently no consensus among orthopedic regarding the

use of a tourniquet in these patients.

Research motivation
The motivation behind this study is to determine a possible method to minimize blood

loss in BKA operations.

Research objectives
The objective of this study is to compare blood loss between patients who received a

tourniquet during their BKA procedure and those who did not.

Research methods

We performed a retrospective cohort study on consecutive patients who
underwent BKA over a 10 year period at a tertiary care hospital. Blood loss was
estimated using the Nadler equation for preoperative blood volume and a novel
formula that wutilizes preoperative and postoperative hemoglobin levels and
transfusions. Univariate and forwards stepwise multivariate linear regression were

utilized to determine an association between tourniquet use and blood loss.

Research results
We found that patients undergoing a BKA operation with tourniquet use were
associated with a 488 mL decrease in calculated blood loss. This is significant for

orthopedic surgeons wanting to minimize blood loss in BKA operations.

Research conclusions




This study utilized a calculated blood loss rather than the commonly utilized estimated
blood loss, and proposes that a tourniquet should be used if orthopedic surgeons wish

to minimize blood loss in BKA operation.

Research perspectives
Research should be conducted on a larger population across multiple centers to

determine a stronger association and increase external validity.
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