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PREFACE
The work presented in this Ph.D. thesis is the result of four studies conducted at the
Department of Orthopaedic Surgery at Hvidovre Hospital. Professor Anders Troelsen
acted as the principal academic supervisor and Morten Tange Kristensen as primary cosupervisor. The first part of the thesis introduces the background of the studies, their
specific aims, and the outcome measures. A short presentation of the included studies,
follow. Subsequently, the four studies are discussed including a review of the significant
limitations. At the end of the thesis, the literature cited is listed, and the appendices consist
of the four included papers.

The thesis was born from our work on the establishment of a regional amputation
database. A pilot database was launched at Hvidovre Hospital, and through this, it was
possible to perform retrospective studies elucidating the overall aims regarding
perioperative blood loss and complications in patients with lower extremity amputations.
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ABBREVIATIONS
ASA = American Society of Anesthesiologists
AUC = Areal under the Curve
FTR = Failure to Rescue
Hgb = Haemoglobin
LEA = Lower extremity Amputation
OBL = Intraoperative blood loss
RBC = Red Blood Cell
ROC = Receiver operating Curve
SAS = Surgical Apgar Score
SPP = Skin Perfusion Pressure
TBL = Total Blood Loss
TFA = Transfemoral Amputation
TKA = Through Knee Amputation
TTA = Transtibial Amputation
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ENGLISH SUMMARY
Background
Many questions remain unanswered about the multifactorial complications that
commonly lead to high morbidity and mortality among the lower extremity amputation
(LEA) population. The morbidity and mortality warrants a continuous effort in
perioperative optimisation and multidisciplinary regimes. Numerous factors influence the
magnitude of the complications. An underestimation of the blood loss can influence
negatively on outcome in these often frail patients, with very limited physiological
reserves. The tourniquet is known to reduce the intraoperative blood loss. However, the
scepticism towards the usage during amputation is attached to the potential damage to the
vessels, which could lead to an increased risk of early failure.
Silber et al. developed the concept of “Failure to Rescue” (FTR) which is a quality marker,
attempting to measure a hospital’s ability to manage complications, while being less likely
to confuse worse severity of illness with worse quality of care. It is becoming increasingly
popular as an indicator showing how well hospitals perform once the complications occur.
This seems reasonable since the mortality is related to the degree of illness and comorbidity of patients receiving treatment and not necessarily the expression of differences
in the quality of care. The FTR rate is calculated as (patients with 30-days mortality/all
patients with a severe postoperative complication).
Since the mortality remains high, an easily applied risk stratification tool for
individualising postoperative monitoring and care seems necessary. In 2007, Gawande et
al. developed the Surgical Apgar Score (SAS) and the score has discriminatory power in
vascular and general surgery. It remains unclear if the score has value in LEA surgery.
To our knowledge, no recent scientific papers have aimed directly at describing the total
blood loss (TBL), the FTR rate or the use of SAS in relation to LEA surgery.
Purpose
As an overall aim of the thesis, we seek to provide new insights in the overall discussion of
the perioperative blood loss and complications in patients with primary dysvascular LEA.
We expect the thesis to generate hypotheses for new avenues of research.
8

Methods
Study I assess the total blood loss in transfemoral amputations (TFA) and the possible
triggers for an increased blood loss. The approach with Nadler’s calculation on the fourth
postoperative day gives a rough estimate of the total blood loss from time of surgery until
day four postoperatively. Study II on transtibial amputations (TTA) highlights the possible
effect of tourniquet usage and aims to investigate if a possible increased total blood loss is
present due to the risk of vessel damage when the tourniquet is inflated. Study III focuses
on the perioperative mortality and the potential causes. The study includes an evaluation
of the patient’s state prior to surgery and the calculation of the FTR rate. Study IV assess
the discriminatory power of the SAS in lower extremity amputation surgery. All studies
are retrospective cohort studies.
Results
In study I, the total blood loss was found to be roughly twice the intraoperative blood loss
(OBL). Renal disease seemed to have a negative influence on the blood loss. The median
TBL was 964ml (IQR: 407-1521) and the OBL was 400ml (IQR: 250-550).
In study II, the patients operated using tourniquets received approximately three
millilitres less transfusion blood per kilogramme of body weight than the patients
operated on without using a tourniquet. The duration of surgery was shorter, and the OBL
was less. The use of a tourniquet showed no statistically significant association with a 30day re-amputation at the femur level.
Study III showed how 31 patients (16%) died in hospital, within a median of six (IQR: 4.5–
10) post-amputation days. Four (13%) deaths were classified as “definitely unavoidable”,
four (13%) as “probably unavoidable”, and 23 (74%) as “Failure to Rescue”. Of the FTR
deaths, 20 (87%) had active lifesaving care curtailed. The FTR rate was calculated to 30%.
Patients who died were more frequently diagnosed with diabetes type II and either
postoperative sepsis or pneumonia, compared with those who survived.
With study IV, we found a significant linear association between a low SAS and
postoperative complications. This effect was pronounced for transfemoral amputees
where a significant increase was observed for the high-risk group compared to the low-
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risk group. This indicates moderate discriminatory power of the SAS in predicting
postoperative complications among transfemoral amputated patients.
Conclusion
Based on the presented results of the thesis it seems reasonable to conclude the following:
The TBL calculated on day four after TFA is roughly twice the amount reported just after
the surgical procedure. Patients suffering from renal disease before amputation are more
likely to have an increase in blood loss.
The TBL did not significantly influence perioperative morbidity or mortality. Neither did a
transfusions amount > 2 units between the preoperative haemoglobin and the
haemoglobin on the fourth postoperative day. Therefore, a high anaemia vigilance seems
recommendable when planning for TFA. Anaemic patients who receive a significant
number of pre & post-operative blood transfusions, diabetic patients and patients with
either postoperative sepsis or pneumonia seem to be subgroups with an apparent need of
more perioperative-intensified care.
From a haemodynamic viewpoint, it appears to be safe and advantageous to use a
tourniquet during (ad modum Persson) TTA. The tourniquet reduces the duration of
surgery, the blood transfusion rate and the OBL. The mortality of LEA patients is high and
a large amount of patients is classified as FTR. Many of whom with active lifesaving care
curtailed at some point prior to death.
The SAS approach provides staff with information regarding the potential postoperative
course after TFA surgery. This is pronounced when the patients are differentiated into a
high- and low-risk group. The scoring system could prove useful in guiding preventive
strategies, such as optimising intraoperative blood pressure or heart rate.
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DANSK RESUME
Baggrund
Der er fortsat mange ubesvarede spørgsmål om de multifaktorielle komplikationer, som
fører til høj morbiditet og mortalitet blandt patienter med større underekstremitets
amputation (LEA). Den høje morbiditet og mortalitet berettiger en fortsat indsats i den
perioperative optimering og de tværfaglige regimer. Talrige faktorer har indflydelse på
omfanget af komplikationer. En undervurdering af blodtabet i forbindelse med
amputation, kan formentlig påvirke det endelige resultat negativt, da disse patienter er
særdeles skrøbelige og har en begrænset fysiologisk reserve. Tourniquet omkring femur
kan reducere det intraoperative blodtab. Der er imidlertid en skepsis overfor brugen af
tourniquet under amputation. Denne skepsis er knyttet til den potentielle vævsskade, som
en tourniquet kan påføre og som vil kunne øge risikoen for tidlig komplikation.
Silber et al. Har udviklet begrebet "Failure to Rescue" (FTR), som er en kvalitetsmarkør,
der forsøger at måle et hospitals evne til at håndtere postoperative komplikationer. Dette
forekommer rimeligt, da dødeligheden er relateret til graden af sygdom og komorbiditet
hos patienter, der modtager behandling, og ikke nødvendigvis udtryk for forskelle i
kvaliteten af plejen. FTR-raten beregnes som (patienter med 30 dages dødelighed / alle
patienter med alvorlig postoperativ komplikation), og kunne være relevante for
amputationspatienter.
Da mortaliteten fortsat er høj i denne patientgruppe, synes det nødvendig med et let
anvendeligt værktøj, der udtrykker patientens risiko for postoperative komplikationer, og
som kan anvendes til at individualisere den postoperative overvågning og behandling. I
2007, udviklede Gawande et al. den ’Kirurgiske Apgar Score’ (SAS), og scoren er fundet
anvendelig i vaskulær og almen kirurgi. Det er stadig uklart, i hvilket omfang at scoren
har værdi i amputations kirurgi.
Så vidt vi ved, så har nyere videnskabelige artikler ikke rettet fokus direkte mod at
beskrive det samlede blodtab (TBL), FTR eller brugen af SAS i forhold til LEA kirurgi.
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Formål
Som et overordnet formål med afhandlingen søger vi at give ny indsigt i den overordnede
diskussion af det perioperative blodtab og komplikationer hos patienter med primær
dysvaskulære LEA. Vi forventer, at afhandlingen vil kunne generere nye hypoteser for
fremtidig forskning.
Metoder
Studie I vurderer TBL blandt transfemorale amputationer (TFA) samt de mulige
udløsende faktorer for et øget blodtab. Tilgangen med Nadlers beregning af TBL på den
fjerde postoperative dag giver et groft skøn fra tidspunktet umiddelbart før kirurgi indtil
den fjerde postoperative dag. Studie II på transtibiale amputationer (TTA) fremhæver den
mulige effekt af tourniquet og har til formål at undersøge, om et eventuel øget TBL er til
stede på grund af risikoen for karskade, når årepressen er under anvendelse. Studie III
fokuserer på den perioperative mortalitet og de potentielle årsager. Undersøgelsen
omfatter en vurdering af patientens tilstand før operationen og en beregning af FTR
procenten. Studie IV vurderer anvendeligheden af SAS i LEA kirurgi. Alle undersøgelser
er retrospektive kohorte undersøgelser.
Resultater
Studie I fandt at TBL er omtrent det dobbelte af det intraoperative blodtab (OBL).
Nefrologisk sygdom syntes at have en negativ indflydelse på blodtabet. TBL medianen var
964ml (IQR: 407-1521) og OBL var 400ml (IQR: 250-550).
I studie II, fandt man at patienter, der opereres ved brug af Tourniquet, modtog omkring
tre milliliter mindre blodtransfusion per kilogram kropsvægt end patienter, der opereres
uden brug af tourniquet. Desuden var operationsvarigheden kortere og OBL mindre.
Anvendelsen af en tourniquet viste ingen statistisk signifikant sammenhæng med reamputation på femur niveau indenfor de først 30 postoperative dage.
Studie III viste hvordan 31 patienter (16%) døde på hospitalet, median på 6 dage (IQR: 4,510) efter amputation. Fire (13%) dødsfald blev klassificeret som ”absolut uundgåelige”,
fire (13%) som ”sandsynligvis uundgåelige”, og 23 (74%) som FTR. Tyve (87%) af FTR
dødsfaldene havde aktiv livreddende behandling indskrænket. FTR blev beregnet til 30%.
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Patienter, der døde, blev oftere diagnosticeret med diabetes type II og postoperativ sepsis
eller pneumoni, sammenlignet med dem der overlevede.
Med undersøgelse IV, fandt vi en signifikant lineær sammenhæng mellem en lav SAS og
postoperative komplikationer. Denne effekt var udtalt for de transfemoral amputerede,
hvor en betydelig stigning blev observeret for højrisiko gruppen sammenlignet med lavrisikogruppen. Dette indikerer en moderat anvendelighed af SAS til at forudsige patienter
med postoperative komplikationer blandt transfemoral amputerede patienter.
Konklusion
Baseret på de præsenterede resultater fra denne afhandling synes det rimeligt at
konkludere følgende:
TBL på fjerde postoperative dag efter TFA er omtrent dobbelt så meget som OBL
rapporteret umiddelbart efter det kirurgiske indgreb. Patienter med nefrologisk sygdom
før amputation er mere tilbøjelige til at have et øget TBL.
TBL er uden signifikant indflydelse på den perioperative morbiditet og mortalitet.
Blodtransfusion på> 2 enheder i tidsrummet mellem præoperativ hæmoglobin og
hæmoglobin målingen på den fjerde postoperative dag er ligeledes uden signifikant
indflydelse på morbiditet og mortalitet. En høj anæmi årvågenhed synes
anbefalelsesværdigt, når der planlægges TFA. Anæmiske patienter, der modtager et
betydeligt antal blodtransfusioner, diabetiske patienter og patienter med enten
postoperativ sepsis eller pneumoni synes at være undergrupper med et tilsyneladende
behov for intensiv perioperative behandling.
Fra et hæmodynamisk synspunkt synes det at være sikkert og fordelagtigt at bruge en
tourniquet under (ad modum Persson) TTA. Tourniquet reducerer operations varigheden,
blodtransfusions behovet og OBL. Mortaliteten af LEA patienter er høj, og en stor andel af
patienter klassificeres som FTR. Mange af dem med indskrænkning i aktiv livreddende
behandling på et tidspunkt forud for dødsfaldet.
Tilgangen med SAS giver personalet oplysninger om risikoen for postoperative
komplikationer efter TFA kirurgi. SAS er mest anvendelig, når patienterne differentieres
til en høj og lav risikogruppe. Pointsystemet kunne være nyttigt i de forebyggende
strategier såsom optimering af det intraoperative blodtryk og hjertefrekvens.
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INTRODUCTION
Lower extremity amputations (LEA) are observed in mummies, however in the prehistoric period people died younger and therefore most likely without a manifest
developed arterial disease as a cause of amputation1. Gangrene associated with diabetes
was observed for the ﬁrst time in the mid-19th century2 and Frederick Treves, a famous
London surgeon, was likely the ﬁrst to recommend amputation in diabetic patients3,4.
Today, major LEA’s based on end-stage chronic leg ischemia or diabetic ulcers with
infection remain common orthopaedic procedures. A British study identified 57.193
amputations over a five-year period and 5.1 / 100.000 citizens underwent a transtibial
(TTA), through knee (TKE) or a transfemoral amputation (TFA) in England5. A nationwide
Danish registry study of amputees from the period 2010-2011 showed a split between the
TTA and the TFA of 43% (n=751) compared to 57% (n=1012) in the two-year period6,
which is consistent with international literature5. The incidence of amputation is known to
vary up to 200 fold between different centres, communities and countries7.
The population requiring LEA’s is old, fragile and has several co-morbidities8,9. These
patients pose a big challenge as they are by definition multi-morbid individuals and the
perioperative mortality is amongst the highest in the orthopaedic specialty8,10. When the
population is compared with a cohort in vascular and general surgery, the average LEA
patient is approximately 20 years older11. 84% of the patients have an ASA-score
classification > 212 (most likely the highest reported in orthopaedic surgery), which
compares to 34% in general and vascular surgery11. In USA, acute and post-acute medical
care costs associated with caring for patients with a dysvascular amputation exceed $4.3
billion yearly13.
Numerous factors influence the magnitude of the morbidity. This thesis will investigate
the surgical bleeding as a potential cause. Currently the available literature is focused only
at the intraoperative blood loss (OBL) or red blood cell (RBC) transfusions. Study I aim to
present a more nuanced estimation of the blood loss and the potential causes, through the
introduction of the total blood loss (TBL) in LEA surgery.
Many years ago, the French barber-surgeon Ambroise Paré introduced the method of the
ligature of arteries to stop bleeding from major amputations, a technique which continues
15

to play a major role in today’s amputation surgery. Another visionary Frenchman, Doctor
Louis Petit, introduced the tourniquet in amputation surgery; however, its usefulness is
still debated. The scepticism is attached to the potential damage to the vessels, which
could lead to oedema of the stump and may be associated with an increased risk of early
failure14. Study II investigates this issue further.
Despite a reduction in morbidity and mortality they remain high and the concept of multimodal rehabilitation, which was implemented at the department at Hvidovre in 201010,
seems to lack an easily applied risk stratification tool for individualising postoperative
monitoring and care. Gawande et al. suggested such a score in 2007, and the Surgical
Apgar score (SAS) has proved to be useful in other surgical specialties15,11,16,17. Study III &
IV investigate the course of the patients suffering perioperative death and the
discriminatory power of the SAS in LEA surgery.

BACKGROUND
This chapter introduces readers to the focus areas in the thesis.
The Mortality in LEA Surgery
Through the years, several studies have described the complications in LEA surgery.
When looking through the literature, it is important to distinguish between traumatic and
non-traumatic amputations, since there is an enormous difference in patient demographics
and the results. This thesis is only aimed at patients suffering amputations due to severe
atherosclerotic or diabetes-related complications.

The majority of LEA patients undergo amputations due to pronounced atherosclerosis18.
The predisposing conditions for this complex disease are many, but in particular,
smoking, diabetes mellitus, age, and hyperlipidemia are major triggering factors19. In the
future, the global incidence of diabetes mellitus will challenge health care systems through
an increased incidence of peripheral atherosclerosis, neuropathy with tissue destruction
and the following risk of gangrene/sepsis20. Diabetic patients who have a TTA are mostly
men on average 5-7 years younger than patients who have a similar procedure performed,
16

but who do not have diabetes21,22. They have an increased risk of ipsilateral and
contralateral amputation22 in the following years. Data from Denmark reported that 18.8%
of people with dysvascular disease and gangrene underwent ipsilateral re-amputation
within six months of the index amputation. Contralateral amputation occurred for 11.9%
of patients within one year23. In mortality analysis, the diabetic patients are frequently
overrepresented24,25,26. An increased focus on frequent glycemic control and early
identification of diabetic foot ulcers has led to a decrease in diabetes-related amputations,
but the group still account for a significant proportion of LEA surgery24,27.
A study from 2009 carried out at Hvidovre Hospital clearly showed how challenging it is
to get patients with LEA surgery through the post-operative recovery period8. Thus, 30%
of patients died 30 days after surgery (perioperative mortality), and less than 50% were
alive one year after the primary amputation. A re-amputation rate among TTA patients, at
approximately 20% during the initial hospitalisation, is correspondingly high, and
prolonged hospitalisation follows28. Studies from abroad highlight the same challenges in
this area, but because of very different reporting, the results may be difficult to
compare21,7,24. In a large American study, 26% of the patients with primary amputations
required follow-up amputation procedures within 12 months, and more than 33% died
within 12 months of their index amputation21. A study from Finland showed results
similar to those from Hvidovre Hospital in 2009, against a British study that indicated a
somewhat lower perioperative mortality of 16.8% after major LEA prodecures29,5. This
study from Britain shared the same mortality rate as the latest study from Hvidovre
Hospital on the subject10. This study was performed after the implementation of a more
multimodal and standardised approach to LEA treatments10. The mortality rates are
frequently used to compare the quality of treatment between hospitals. However, this has
recently been challenged since some deaths in hospital are inevitable. The mortality is
related to the degree of illness and co-morbidity of patients receiving treatment and not
necessarily the expression of differences in the quality of care. The FTR rate is becoming
increasingly popular as an indicator showing how well hospitals perform once the
complications occur30,31,32.
17

The Blood Loss in LEA Surgery
The term perioperative refers to the three phases of surgery: preoperative, intraoperative,
and postoperative. Any blood loss during these three phases stresses the patient’s
haemodynamic, which in terms leads to a decrease in organ perfusion along with
tachycardia. If not dealt with sufficiently, organ failure and ultimately death are an
imminent risk in patients with hardly any physiological reserve33.
To our knowledge, no studies before this thesis have estimated the TBL in LEA surgery.
The TBL is calculated from Nadler’s haemoglobin dilution method34,35 and based on the
difference between the preoperative Haemoglobin (Hgb), and the Hgb on the fourth
postoperative day, the number of RBC transfusions and the estimated blood volume. The
approach was applied in total hip/knee arthroplasty surgery and hip fracture
surgery34,36,37. In these studies, the approach resulted in the conclusions: “the TBL after
surgery for hip fracture is much greater than that observed intra-operatively”34 and
“following total knee arthroplasty, there may be substantial hidden blood loss due to
bleeding into the tissues and residual blood in the joint. The true total loss can be
determined by doubling the measured loss”37.
The method was validated in a study of blood donors38. The study concluded that the
approach is not suitable for an absolute measure of the blood loss volume but serves a
purpose as a rough estimate. The study showed: how the approach35 underestimates the
actual blood loss; how haemoglobin continues to decrease until six days after moderate
blood loss (450ml); and how early Hgb measurements generate a larger underestimation
of the TBL38.
Most studies mention the OBL when an intervention, such as the tourniquet, is
described39,40. In a randomised study from 2006, Choksy et al. reported that the OBL was
median 550 ml (IQR: 255–1050) after a TTA procedure39. A similar randomised trial by
Singh et al. showed a median TTA blood loss of 500ml40.
Several factors can trigger the extensive blood loss of a LEA patient. Hereditary or
acquired conditions, such as liver disease or kidney disease, von Willebrand disease,
haemophilia, etc., all have the ability to result in coagulopathies,34,41 as well as the trauma
18

of surgery, primary or secondary infections, metabolic acidosis, hypothermia, and
anaemia. Several anticoagulation and antiplatelet drugs such as acetylsalicylic acid,
vitamin K antagonists, platelet aggregation inhibitors and Factor Xa inhibitors can as well
increase the blood loss35,42.
Anaemia is a regular condition in patients hospitalised for severe peripheral arterial
disease, and the condition is associated with poor general outcomes43,44. The risk of major
amputation and mortality increases substantially at low levels of haemoglobin45.
Allogeneic blood transfusion is a common practice in perioperative management46 and is
sometimes used in scientific papers as a surrogate measurement of blood loss.
Controversies continue to exist over the optimal transfusion threshold. See section “10.1
Outcome measures”.
The Tourniquet
Various interventions to reduce surgical bleeding exist, with ligating the bleeding vessels
and the use of cauterisation the most frequently used. Joseph Lister became the first
surgeon to officially use a tourniquet to create a bloodless surgical field.
The name tourniquet derives from the French doctor Louis Petit, who developed a
bandage with a screw mechanism (French verb: tourner) to control bleeding back in 1718.
In 1904, a pneumatic tourniquet was prepared which had two advantages over the earlier
versions of the tourniquet: a decreased incidence of nerve paralysis, and rapid application
and removal. Today pneumatic tourniquets are used on a daily basis facilitating surgery
by reliably establishing a bloodless surgical field with relative safety47. However, there is
an ongoing debate about contraindication for tourniquet usage. Tourniquet-related
pathogenesis is related to ischemia and compression. The metabolic side effects are related
to the sequelae of ischemic tissue, whereas muscle, vessels and nerve damage are more
likely a function of direct compression beneath the tourniquet itself28.
Controversy exists regarding the influence of tourniquet compressive damage. If the
tourniquet is applied on arteriosclerotic vessels, there is a danger of causing secondary
lesions to the vessels and, as a result, seepage of blood48,49. However, the available clinical
and basic scientific data on tourniquet use does not indicate a significant risk of
19

complications within the confines of typical use during orthopaedic surgery, and no single
standard exists for tourniquet use in all settings50.
The Surgical Apgar Score
An increasing number of high-risk patients are undergoing amputations51, and they
diverge from standard orthopaedic patients due to their many co-morbidities9 and high
ages. An easily applied risk stratification tool would be of great value for postoperative
monitoring and individualised care. Virginia Apgar introduced a 10-point scoring system
for rating of the state of newborns, which changed obstetric care forever. Like obstetrics in
1953, surgery today is without a routine and reliable gauge of overall patient status after
surgical procedures, to guide the next clinical practice11. The SAS invented by Gawande et
al. around 2007, has a correlation with the events of major complications or death within
30 days following general and vascular surgery11. The SAS system is based on three
intraoperative variables: lowest mean arterial pressure, estimated intraoperative blood
loss and lowest heart rate, Figure 1. The score seems to be inapplicable to several
orthopaedic sub-specialties52,53. However, there is a lack of knowledge regarding the
utility of the score in the field of LEA surgery.
Figure 1
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The Standardised LEA Treatment Algorithm at Hvidovre Hospital
The following approach is reasonably well integrated with the amputation unit at
Hvidovre Hospital, a subdivision of the Department of Orthopaedic Surgery. Many of its
attributes are transferred directly from the hip-fracture ward within the same
department54,55. A continuous quality evaluation of the approach has been undertaken,
and the approach has proven efficient in several important parameters10. The algorithm
has helped to ensure the consistent evaluation and treatment of the patients in a
coordinated process.
Most patients are referred from the Department of Vascular Surgery, where attempt to
vascular reconstruction has been made and measurement of the peripheral blood flow was
undertaken. Patients referred from general practitioners, outpatient clinics or emergency
departments have their ankle-brachial blood pressure index measured, and their medical
record is submitted to the vascular surgeons, for the possibility for revascularisation. If
revascularisation is deemed unobtainable, a supplementary measurement of skin
perfusion pressure (SPP) is performed to aid the decision on the amputation level. Senior
consultants then review the indication for amputation. The patients are treated upon
arrival at the department according to standardised fluid and transfusion protocols.
Postoperatively the oral intake of fluids is supplemented with 1.000 mL standard
rehydration fluid (isotonic Na-K-glucose or Ringer’s Lactate) administered intravenously.
Fluid balance is measured from daily body weight if possible, while haemoglobin and
blood electrolytes and creatinine are measured preoperatively and until the fourth
postoperative day. Hypovolemic patients are re-hydrated with fluid at 20 ml/kg body
weight.
The unit use a liberal transfusion trigger of six mmol/L the first four days postoperatively
as a standardized transfusion therapy and to minimise the potential effects of anaemia on
the postoperative outcome. Transfusions are performed with pooled red blood cells
containing 245 ml per portion, which equals 55 g/l of haemoglobin.
The patients receive prophylactic antibiotics before surgery and low-dose low-molecularweight heparin after surgery as prophylaxis against thromboembolism. Spinal or general
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anesthesia is used during surgery. An ischiatic catheter with a continued infusion of (2
mg/mL) Naropin at a rate of (4 mL/h) with a possible bolus of 5 mL and 30 min lockout
time is placed during the TFA, and a peripheral nervous catheter with continuous infusion
is applied after surgery for TTA to provide extended analgesia for the first four
postoperative days. Additional postoperative analgesia consists of Paracetamol (4 g per
day) and Gabapentin (Pregabalin; 600–900 mg a day depending on hepatic function and
side effects); Morphine (10 mg) is used as rescue analgesia. Supplementary oxygen at 2
L/min is provided during the first four postoperative days, whenever the patient is
supine. The patients are mobilised out of bed as soon as possible after surgery.
Physiotherapy is started on postoperative day 1 and continued for 2–5 days during
weekdays (for most patients, on a daily basis) until discharge10.
The surgery is performed by trained residents or senior consultants under general or
neuroaxial anesthesia. All TTA procedures are performed approximately 12 cm below the
knee joint, with sagittal flaps ad modum Persson. The TFA procedure is performed with
standard anterior and posterior skin flaps approximately 10 cm above the knee joint.
The level of amputations is illustrated in Figure 2. The tissue vitality is assessed regularly
during the operation, and the patient must be informed of the risk of amputation at a more
proximal level if tissue intraoperatively is deemed not to be vital.
Figure 2. Amputation levels.

(With permission from Ugeskr Læger56)
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AIMS & HYPOTHESES
Many questions remain unanswered in relation to the multifactorial complications in LEA
surgery. As an overall aim of the thesis, we seek to provide new insights in the overall
discussion of the perioperative blood loss and complications in patients with primary
dysvascular LEA. We expect the thesis and the four included studies to generate
hypotheses for new avenues of research and to answer the following questions:

What is the approximate TBL in relation to TFA procedures, what are the triggering
factors and how does an increased TBL affect the postoperative result? (Study I)
The primary aim of this study was to estimate the TBL after TFA, and secondly, to
evaluate the impact of blood loss on 30-day mortality and medical complications. Our
hypothesis was that the patients might experience a perioperative blood loss far greater
than the amount registered by the operation surgeons, due partly to the inaccuracy of
measurement and seepage of blood in the surgical dressings.

Is a Tourniquet safe to apply in ad modum Persson TTA procedures or does it increase
the TBL due to damage to the compressed vessels? (Study II)
The primary aim of this study was to compare the TBL after TTA conducted with and
without tourniquet and secondly to illuminate the safety aspect regarding the reamputation rate following (ad modum Persson) TTA. Our hypothesis is derived from
concerns regarding the utilisation of the tourniquet. We hypothesised that the tourniquet
causes minor vessels to leak, which is reflected in the TBL difference and the reamputation rate.
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Are their potential possibilities of reducing the postoperative mortality of LEA patients
within the setting of a well-defined rehabilitation programme, taking preoperative
conditions and life expectancy into account? (Study III)
The aim of this study was to analyze causes of perioperative mortality after LEA
procedures to evaluate the potential for a further decrease in the post-amputation
mortality. The study will introduce the FTR rate in LEA surgery.
It is hypothesized that some of the 30-days deaths could be classified as FTR cases, and
thereby potentially avoided, if the postoperative care at some point is not reduced. Our
hope is that the results would complement recent knowledge of the extent of the multimodal treatment strategies required in LEA surgery.
Is the SAS approach a prognostic tool capable of identifying patients at risk of major
complications following LEA surgery? (Study IV)
The aim of the study was to explore the SAS approach in LEA surgery to see if it is a tool
with sufficiently discriminatory effect to identifying the patients at risk of major
postoperative complications. We hypothesised that the SAS could prove useful among
LEA patients due to the similarities in demographics shared with patients who have
general and vascular surgery performed.

MATERIAL & METHODS
In this chapter, the methodology used in studies I-IV is described.
Outcome Measures
Outcomes following treatment with LEA surgery are often related to re-amputation rates,
mortality rates, and medical complications. Assessment of the outcomes is a process of
quantifying the effect of a given procedure. How the outcomes mentioned above are
assessed is crucial when the results are interpreted. It is important that the methods
provide valid results relevant for the group of patients investigated and in a way, that is as
bias-free as possible.
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The TBL & OBL
In this thesis, the OBL and the TBL are used as outcomes to describe and quantify blood
loss. The TBL is used as a primary outcome in Studies I & II as a rough estimate of the
blood loss in relation to LEA. In Study I, the TBL is an outcome used to address the
possible underreporting of LEA-related blood loss when the early postoperative days are
taken into account. The result is only a rough estimate, and most likely an underestimated
value38. In Study II, the TBL is used to assess differences between two groups. The errors
are assumed to occur with equal frequency in the two groups (systematic error), and the
exactness of the estimate is therefore not critical. The TBL is calculated from Nadler’s
approach34,35 and based on the difference between the preoperative Haemoglobin (Hgb),
and the Hgb on the fourth postoperative day, the number of RBC transfusions and the
estimated blood volume, See Table 1.
TABLE 1. Calculation of the total blood loss34
Blood volume estimation:
𝑊𝑜𝑚𝑒𝑛′𝑠 𝐵𝑙𝑜𝑜𝑑 𝑣𝑜𝑙𝑢𝑚𝑒(𝑙) = ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚)3 ×0.356 + 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)×0.033 + 0.183
𝑀𝑒𝑛′𝑠 𝐵𝑙𝑜𝑜𝑑 𝑣𝑜𝑙𝑢𝑚𝑒(𝑙) = ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚)3 ×0.356 + 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)×0.032 + 0.604
The blood volume of the patient is then used to calculate the amount of haemoglobin
lost (𝐻𝑔𝑏𝑙𝑜𝑠𝑠 ) from admission to the third postoperative day:
𝐻𝑔𝑏𝑙𝑜𝑠𝑠 (𝑔) = 𝐵𝑙𝑜𝑜𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑙) × (𝐻𝑔𝑏𝑎𝑑𝑚 (𝑔/𝑙) − 𝐻𝑔𝑏𝑓𝑖𝑛 (𝑔/𝑙)) + 𝐻𝑔𝑏𝑡𝑟𝑎𝑛𝑠 (𝑔)

The haemoglobin loss is then converted to a volume loss:

𝑇𝐵𝐿 (𝑚𝑙) = (𝐻𝑔𝑏𝑙𝑜𝑠𝑠 (𝑔)/𝐻𝑔𝑏𝑎𝑑𝑚 (𝑔/𝑙) × 1000
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The formulae are dependent on several variables:
Blood volume: Calculated by Nadler’s formula. TBL is calculated as a function of blood
volume, so changes in blood volume by an error of estimation of height and weight impact
the TBL calculation.
Weight and Height: The admitting doctor and the patients’ account base these on
estimates. An estimated error of ± 1 kg bodyweight equals ± 33 ml of blood volume.
Haemoglobin measurements: We assume that the blood volume after an acute surgical
blood loss is relatively quickly restored by the redistribution of extravascular fluid to the
intravascular space, which leads to a dilution of haemoglobin. This allows us to use
haemoglobin concentration before and after blood loss to calculate the TBL.
RBC Transfusions: Controversies continue to exist over the optimal transfusion threshold.
Recent research points in different directions regarding the administration of blood
transfusions in surgery. Some studies recommend a more restrictive strategy in patients
undergoing major amputations, since blood transfusions appear to be associated with
significant postoperative complications, such as pneumonia and acute renal failure46.
Other studies acknowledge that patients benefit from a liberal perioperative transfusion
strategy57, especially when patients have some degree of cardiovascular disease before
surgery55. In our department, a liberal transfusion trigger of six mmol/L is used to
standardise transfusion therapy and to minimise the potential effects of anaemia on the
postoperative outcome. It is common for patients with peripheral arterial disease in need
of LEA surgery to suffer from significant coronary artery disease43. The cohort of hipfracture patients, a group that we believe is the most comparable to LEA patients within
the orthopaedic specialty, show benefits from a liberal transfusion strategy, especially in
patients with cardiovascular diseases55. The amount of transfused haemoglobin (55 g per
unit of RBC) is added to the TBL. Haemoglobin measurements that may trigger a
transfusion are done once a day in the first four days after the operation.

The OBL is evaluated by the weight difference in surgical swabs and the measured suction
loss. The value of OBL as an outcome parameter must be regarded critically. The challenge
with the OBL as an outcome is that it can be reported in several ways; none of them very
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accurately. In the presented studies, the department standard – which is a combination of
two ways of reporting OBL – has been used. The method represents the actual clinical
situation in most hospitals, which gives the studies high external validity. It involves: 1)
the direct measurement: the weight difference in surgical swabs and the measured suction
loss. This method still requires some estimation of the blood loss not found in the swabs or
suction draining bags. The method does not account for other fluids such as water used
during the procedure; 2) the visual assessment: Particularly large blood loss is assigned
with an estimation error.
In Study II, OBL is included as a secondary outcome. We expect the possible confounders
to be equal in the two groups.
Transfusion is sometimes used as a surrogate measure of blood loss. The transfusion rate
is used as secondary outcome measure throughout this thesis. This outcome depends on
the transfusion threshold in the department and on the frequency of haemoglobin
measurements as discussed above.

Mortality, Re-amputation & Medical Complications
Mortality, short-term re-amputation rate, and medical complications are included as
secondary outcomes throughout the studies. These outcomes have almost endless
causative possibilities. None of our studies was sufficient powered to make definitive
conclusions. The studies are hypothesis generating only, and to be used for future clinical
trials. It is almost impossible in retrospective studies to conclude on causative events of
such major outcomes without being severely biased. This comes from the underlying
problem with establishing the “true” cause of complications. We choose to exclude
revisions as an outcome due to the many different surgical descriptions following these
procedures. The data set was, by the research group, deemed too small to take in the
variation in this subgroup. We are aware that especially in study II dealing with the use of
the tourniquet, we could have overlooked a possible coherence between the usage and
revisions. Several patients were revised due to non-healing of the stump due to edema.
This could have been explained more thoroughly in the paper. We believe, however, that
we have been sufficiently humble in our conclusions.
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Study Designs & Methodological Considerations
All four studies were single-centre, observational cohort studies conducted retrospectively
between January 2013 and April 2015. All patients with a primary LEA at our department
during the study period were assessed for inclusion. Patients were identified through our
local operation database, and variables of interest were collected by reviewing the medical
charts. Patients were included if the indication for surgery was severe atherosclerosis with
pain or diabetes-related complications. In the separate analysis, patient with diabetes were
included into this subgroup only, despite the likeliness of competing atherosclerosis.
The design of the included studies, conducted in a specific period over two years, allowed
us to follow a large patient population; however, not without the risk of several types of
bias and confounding.
Bias is the presence of a systematic error, which is independent of the size of the study
population. This means that statistical significance does not reflect the presence or absence
of bias. In contrast to this are the random errors, which diminish as the sample size
increases.
Different types of bias relevant for this thesis:
1) Information bias occurs when endpoints are measured differently. In clinical trials,
this can often happen when a part of the treatment or appraisal of an outcome is left
to the discretion of the clinician.
2) Selection bias means the systematic tendency to disqualify subjects or direct others
into one or the other treatment category58.
3) Reporting bias means the selective revealing or suppression of information by
subjects.

Confounding means that the confounding factor is a risk factor for the outcome, but not
part of the causal pathway where the exposure affects the outcome. Since all four studies
are retrospective cohort studies one can only hope that the data on relevant confounders
are available and equally distributed58.
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In future prospective study setups testing our findings from this thesis, it is possible to
adjust for confounders and bias through the study design where randomized controlled
trials (RCT) is the gold standard. In RCT studies adjustments for confounders and bias are
not necessarily made. In the ideal setup, the possible confounders and bias are distributed
equally according to the randomization. Especially Study II would gain from a future
randomized study setup. However, RCT studies are not always feasible due to issues such
as ethics, time, money, etc.
The conclusions in Study III are vulnerable to Type I errors due to the subjectivity
introduced in the collection of data and the estimation and consensus of cause of death
and likeliness. It is possible that the research group will detect a possibility of reducing the
mortality rate by classifying too many patients into FTR, which is perhaps not present.
However, we do not believe a register study would have been a more “correct” approach.
Of course, it could more easily have included many patients but with a big risk of errors
due to the inadequate registration of medical complications and the cause of death. A
prospective cohort study with a stringent protocol on how to select patients for the various
groups would have been preferred.
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Ethical Considerations
The studies were conducted according to the Declaration of Helsinki and registered with
the regional data protection agency (04.12.2012) (j. no. 01975 HVH-2012-053). The local
ethics committee (Capital Region of Denmark) concluded that approval was not required
for these types of studies. (see document in the appendix). External foundations did not
support the studies. None of the authors contributing to the four papers has any conflict of
interest directly related to the studies.
Thesis specific Author contributions:
CWI, NBF, GH, PTT, TK, MTH & AT agreed on the lay-out and the content of the thesis.
CWI wrote the first draft and took care of revisions.
Study specific Author contributions:
CWI, PTT, GH, TK, NBF, MTK & AT contributed to the planning of the included studies,
interpretation of the results and preparation of the included papers, in-line with the ICMJE
standards.
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Study Population
For study specific populations, See Figure 3.
Figure 3. Study specific populations. January 2013 – April 2015.
All acute/semi-acute & elective amputations assessed for eligibility
(n=243)
TTA n=86, TKA n=5, TFA n=150, Hip ex-articulation n=2
Bilateral amputations n=12
Re-amputations n=36
Patients assessed for eligibility (n=195)
Study I

Study II

Assessed for eligibility, TFA
(n=150)

Assessed for eligibility, TTA
(n=86)

Excluded due to:

Excluded due to:

Re-amputation (n=36)

Bilateral procedure (n=8)

Bilateral procedure (n=12)

Amputation due to trauma (n=2)

Tourniquet (n=11)

Death before final Hgb (n=2)

Gastrointestinal bleeding (n=5)

Final inclusions (n =74)

Lack of data (n=4)
Study IV

Removal of an intramedullary
nails (1)

Assessed for eligibility (n=228
amputations)* (study conducted
before reaching the 243
patients).

Final inclusions (n=81)
Study III

Excluded due to:
Assessed for eligibility (n=243)
Re-amputation (n=37)
Of these 195 were included in
the primary aim of the study.

Missing Data (n=21)

The remaining 48 patients were
investigated separately due to:
Bilateral procedure (n=12)
Re-amputation (n=36)

Final inclusions (n=170)

Final inclusions (n =195)
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Statistics
Table 2 gives an overview of the applied statistical methods. The first author of all four
papers performed the analysis using statistical software SPSS. The results were double
checked with a biostatistician working in R.
Power calculations: The included papers are to our knowledge among the first studies
studying mortality causality and total blood loss in LEA surgery, and as such, we were not
able to assess variability or distribution before the data collection. As such the recent data
represent the biggest and most complete dataset on the subject providing the best possible
power. When published it can provide a background for further explorative analysis on
the subject for us as well as other researchers. For further information, please see the paper
in the appendix.
Table 2.
Paper I-IV
Continuous Data, median (IQR) or
Mean (SD)
Categorical Data, numbers & %
Students t-test
Chi-squared test
Fisher’s exact test
Mann Whitney U
Univariable linear regression
Multivariable linear regression
Multivariable logistic regression
Hosmer-Lemeshow goodness of fit
Receiver Operation Curve (ROC)
Log binominal regression

Study I
X

Study II
X

Study III
X

Study IV
X

X
X
X
X
X
X
X
X
-

X
X
X
X
X
X
X
X
X
-

X
X
X
X
X
X

X
X
X
X
X
X
-
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PRESENTATION OF INCLUDED STUDIES
Study I (Paper I)
Total Blood Loss After Transfemoral Amputations Is Twice the Intraoperative
Loss: An Observational Cohort Study of 81 Nontraumatic Amputations.
Published in Geriatric Orthopaedic Surgery & Rehabilitation 2017.
DOI: 10.1177/2151458517706595
Objective: To estimate the TBL after TFA, and secondly, to evaluate the impact of blood
loss on 30-day mortality and medical complications.
Methods: The TBL was calculated using Nadler’s approach. The anesthesiologists
estimated their weight before surgery, supported by the patient’s information. The regular
use of non-steroidal anti-inflammatory drugs (NSAID) or acetylsalicylic acid in any dose,
as well as the daily use of Clopidogrel or vitamin K antagonists before the amputation,
was recorded. Data collector CW and GH went through all the included patient’s medical
journals. The medical complications of interest were; acute renal failure (RIFLE consensus
definitions), deep venous thrombosis, myocardial infarction, pneumonia, pulmonary
embolism, sepsis, and stroke. The complications were registered in the database when
described in the medical journal by the inhouse doctors.
Results: Of the 150 consecutive amputations accessible for inclusion, 81 patients met the
inclusion criteria and were included in the final analysis. The median TBL was 964ml
((IQR: 443-1558) and the OBL 400ml (IQR: 200-500). The median delta value between TBL
and OBL was 688ml (IQR: 124-1075). In total, a median of 2.0 (IQR: 1.0–3.0) units of RBC
transfusions was administered per patient from surgery until the fourth postoperative
day. A multivariable analysis found variable renal disease (p=0.034) to be associated with
an increased TBL, See Table 3. TBL per 100ml and RBC transfusion amount exceeding two
units (n=27) showed no statistically significant influence on medical complications or
perioperative mortality59.
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Table 3. Univariable & multivariable linear regression of predictors for increased Total Blood Loss

Univariable linear regression
Estimate

95% CI

p-value

Age, per year older

15

-0.9 – 29.3

0.064

Sex, male

223

124 - 569

0.205

Body mass index, per
one unit

3.5

-20 - 27

0.969

Charge of surgeon,
senior consultant

-40

-433 - 353

0.840

Duration of surgery,
per minute

15

5 - 25

0.005

NSAID/Magnyl, yes

473

126 - 819

0.008

Clopidogrel, yes

-43

-473 - 387

0.842

Cardiovascular
comorbidity, yes

521

73 - 969

0.023

Diabetes, yes

102

-263 - 466

0.580

Renal disease, yes

564

169 - 958

0.006

Age, per year older

12

-6 – 29

0.190

Sex, male

200

-152 – 552

0.260

Body mass index, per
one unit

-1

-25 – 24

0.954

Charge of surgeon,
senior consultant

-121

-513 – 271

0.540

Duration of surgery,
per minute

11

-1 – 23

0.075

NSAID/Magnyl, yes

401

-6 – 808

0.053

Clopidogrel, yes

62

-449 – 573

0.809

Cardiovascular
comorbidity, yes

209

-272 – 691

0.388

Diabetes, yes

-169

-612 – 274

0.449

Renal disease, yes

489

38 – 940

0.034

Multivariable linear regression

With permission from Geriatric Orthopaedic Surgery & Rehabilitation59
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Conclusion: The TBL after TFAs is significantly greater than the volume estimated
intraoperatively, and significantly increased if renal disease is present prior to surgery. An
increased TBL and RCB transfusion requirement is not directly associated with 30-day
mortality or medical complications. A high vigilance for anemia seems advisable when
planning for TFA surgery. Research in optimum blood conservation and transfusion
strategies in TFA is warranted59.

Study II (Paper 2)
Tourniquets do not increase the total blood loss or reamputation risk in
transtibial amputations.
Published in World Journal of Orthopedics 2017.
DOI: 10.5312/wjo.v8.i1.62
Objectives: To investigate the TBL and the safety with respect to the re-amputation rate
after transtibial amputation (TTA) conducted with and without a tourniquet.
Methods: The TBL during the first four postoperative days was calculated by the first
author based on the Nadler approach. The number of RBC transfusions within the first
four postoperative days was recorded by CW and GH and found in the electronic journal
program. Eight predictor variables collected by CW and GH (age, gender, body mass
index, ASA score, duration of surgery, the rank of surgeon, intraoperative blood loss, and
antifibrinolytic medication) were included in the TBL analysis due to their previously
established influence on patient outcomes. Re-amputations were included if performed
within 30 days following the index amputation60. Data regarding re-amputations was
found by the electronic operative program.
Results: A total of 74 out of 86 consecutive patients who underwent TTA were included in
the analysis. Of these, 38 had surgery using a tourniquet, and 36 without a tourniquet. The
patients operated on using tourniquets received approximately three millilitres less
transfusion blood per kilogramme of body weight than the patients operated on without
using a tourniquet (Figure 4B, p≤0.03 for all days). The duration of surgery was shorter,
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and the OBL was also less for the tourniquet group compared with the non-tourniquet
group, whereas no significant difference was observed for the TBL in the multivariable
linear regression analysis, see Table 4 & 5. Table 6 illuminates the distribution of
transfusions. There was an altogether re-amputation rate off 27%. Within the 30-day
follow-up, nine patients in the tourniquet group and 11 in the non-tourniquet group had a
re-amputation at the transfemoral level. In total; 30 patients had a TBL > 1000ml. Of them,
15 had tourniquet installed during the primary amputation. 6 of the 15 with tourniquet
were re-amputated within 30-days. 4 of the 15 without tourniquet were re-amputated
within 30-days. Fisher’s exact test: P=0.350.
In total; 9 patients had a TBL > 2000ml. Of them, 4 had tourniquet installed during the
primary amputation. 1 of the 4 with tourniquet was re-amputated within 30-days. 2 of the
5 without tourniquet were re-amputated within 30-days. Fisher’s exact test: P=0.600.
The use of a tourniquet showed no statistically significant association with a 30-day reamputation at the femur level in the multiple logistic regression models (p=0.78)60.
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Figure 4.
4a. Development in Haemoglobin, Day 0 = day of surgery.
4b. Transfusion requirements. Day 0 = day of surgery.

With permission from World Journal of Orthopaedics60
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Table 4. Perioperative Data from included patients
All patients N=71*

Duration of surgery

82 (62 – 102)

Tourniquet n=35 Non-tourniquet n=36

78 (60 – 96)

p-value

88 (68 – 108)

0.041

(min)
Duration of

30 (18 – 42)

Tourniquet (min)
Intraoperative blood

250 (150-500)

200 (100-300)

300 (225-600)

<0.001

773 (347 - 1192)

737 (327 - 1179)

859 (391 - 1231)

0.754

479 (69 - 889)

495 (282 - 708)

296 (-120 - 712)

0.241

loss (ml)
Total blood loss from
day 0-4 (ml)
Delta |TBL-OBL| (ml)

Data are presented as median values with interquartile range.
*Three patients missing due to no registration of the intraoperative blood loss.
With permission from World Journal of Orthopaedics60
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Table 5. Univariable and multivariate analysis with linear regression of association between risk factors
for the total blood loss in the 74 patients.
Univariable
Estimate (95%

Multivariable
p-value

Estimate (95% CI)

p-value

CI)
Tourniquet (used)

-39 (-370 –293)

0.810

-78 (-431 - 275)

0.659

Age, (per year older)

-10 (-25 – 5)

0.210

-7 (-23 - 9)

0.384

Women / (men)

320 (-22 – 662)

0.066

221 (-149 – 590)

0.237

Specialist registrar /

-335 (-676 – 6)

0.054

-324 (-689 – 41)

0.081

33 (-390 – 456)

0.876

-86 (-520 - 349)

0.696

205 (-124 –534)

0.218

223 (-126 - 572)

0.206

1 (-5 – 7)

0.752

-3 ( -10 – 5)

0.482

ASA-1-2**/(ASA 3-4)

-1 (424 – 422)

0.995

-66 (-506 – 373)

0.764

Body mass index,

21 (-9 – 52)

0.162

17 (-17 – 50)

0.322

(consultant)
Clopidogrel,
(in treatment)
NSAID*/Acetylsalicylic
Acid (in treatment)
Duration of surgery, (per
minute)

(per one unit)
*NSAID=nonsteroidal anti-inflammatory drug. ** ASA=American Society of anesthesiologists.
Variables in parenthesis = reference
With permission from World Journal of Orthopaedics60
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Table 6. The distribution of transfusions.

With tourniquet

Without tourniquet

1 unit of

≥ 2 units of

1 unit of

≥ 2 units of

red blood

red blood

red blood

red blood

cells,

cells,

cells,

cells,

N = 26

N = 15

N = 22

N = 24

2

3

3

6

4

3

5

4

4

4

2

16

POD* 1

5

4

3

7

6

1

POD* 2

6

5

1

10

6

1

POD* 3

9

4

1

7

2

3

POD* 4

7

6

1

3

2

0

POD* 5

0

0

2

0

0

0

Hgb below
9.67 g/dl
N = 34

Day
Preopr.
Day of
surgery

Hgb below
9.67 g/dl
N = 37

* = postoperative day

Conclusion: The results indicate that tourniquets do not cause severe vascular damage
with an increased postoperative bleeding or failure rate as the result60.

Study III (Paper 3)
Mortality analysis and Failure to Rescue in dysvascular lower extremity
amputees: implications for future treatment protocols.
In revision with ACTA Orthopedica.
Objective: The aim of this study is to analyze causes of 30-days mortality after LEA
procedures to evaluate the potential for a further decrease in the mortality. The study will
introduce FTR in LEA surgery.
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Methods: 3 of the authors (GH, NBF & CW) reviewed the medical charts independently,
and deaths within 30-days from amputation or during primary hospitalization were
classified according to consensus. None of them had before this study any direct
involvement in the treatment of the patients. At the following consensus meeting where
(author MTK) served as a mediator, deaths within 30-days from amputation or during
primary hospitalization following LEA surgery were classified according to consensus. In
cases with dis-agreements, the investigators were asked to point out in the journals what
lead to their decision. Discussions of this led to the final classification. "Definitely
unavoidable" being a result of either; pre-amputation terminal disease or the patient
refusing relevant postoperative care such as nutrition, fluids, and rehabilitation, "probably
unavoidable" being a result of pre-amputation acute life-threatening medical illness with
predictable short life expectancy (<1 month)61. The remaining deaths classified as FTR was
defined as those who were related to postoperative complications. It was noted if the
patients who died had a notation in their charts on restrictions in the level of active
therapy. Death within 30-days after the operation or within the same admission was
registered along with the expected triggering complications. The FTR rate is calculated as
(patients with 30-days mortality/all patients with a severe postoperative complication)62.
The patients classified with “definitively” or “probably” unavoidable deaths were
excluded from the FTR calculation, inspired by the original work from Silber et al. who
excluded acute patients admitted through the emergency ward30. Patients who developed
1 of the following 8 complications while hospitalized: x-ray verified pneumonia or
respiratory failure, sepsis, acute renal failure (postoperative creatinine > 200 μmol/L),
stroke, gastrointestinal complication (Ileus, hemorrhage), acute myocardial infarction,
requirement of more than 3 blood transfusions within 72 hours from surgery and reamputation at a higher level within 30-days from index amputation, were included in the
FTR calculation. The data collectors were cautious not to register preexisting diseases as
postoperative complications. The findings were double-checked by two independent
researchers to avoid over-registration of complications.
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Results: In total, 195 consecutive patients with a single primary major dysvascular LEA
procedure were included in the study between January 2013 and April 2015. Patient
characteristics are found in Table 7.
Causes of death
31 out of the 195 patients, died in hospital within 30-days after surgery (median of 6
postoperative days (IQR: 4.5–10)). 22 post TFA procedures and 9 post TTA procedures.
There was a statistical significant higher incidence of postoperative sepsis [26% vs. 3%,
p<0.00], pneumonia [23% vs. 6%, p<0.00] and acute myocardial infarction [19% vs. <1%,
p<0.00] among the patients who died compared to the survivors in univariable analysis.
The estimated causes of death according to the 3 investigators are found in Table 8. In an
adjusted log binominal regression analysis TFA and diabetes were independently
associated with 30-days mortality. [TFA: RR = 2.3, CI = (1.1 – 4.8), p = 0.03] & [diabetes: RR
= 2.7, CI = (1.3 – 5.6), p = 0.01], Table 9. The 22 patients who died in the TFA sub-group
received statistical significant more blood transfusions during the period from two days
before surgery and until the fifth postoperative day [median of 3.0 units vs. 2.0 units, (p =
0.02)] compared to those 88 patients alive in the TFA group.
Estimation of FTR
After reviewing the medical charts and prior to the consensus meeting, the 3 investigators
decisions on mortality were [100% agreement in 13 of the cases], [66.6% agreement in 16 of
the cases] and [0% agreement in 2 of the cases]. In total, 4 deaths were classified as
“definitely unavoidable”, 4 as “probably unavoidable”, and 23 as FTR. Of the FTR deaths,
a total of 20 patients had at some point active care curtailed. 65% of them post TFA
procedures and 35% post TTA procedures. A total of 53 patients experienced at least 1 of
the 8 defined complications during their stay at the hospital. The FTR rate was 30%, [(23
FTR / 53 (survivors with complications) + 23 (FTR)) x 100]. The postoperative
complications among all the 195 patients are found in Table 10.
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Table 7. Patient characteristics, n = 195
Survivors n = 164

Non-survivors n = 31

Male sex

90 (55)

19 (61)

Female sex

74 (45)

12 (39)

Age in years, mean (SD)

73.7 (12)

77.5 (13)

Own home

110 (67)

22 (71)

Nursing home

54 (33)

9

Body Mass Index, mean (SD)

24.6 (6.5)

23.5 (6.8)

3.9 (2.8) a

New Mobility Score, mean (SD)

(29)

2.5 (3.2) b

Diabetes type I or II

68 (41)

18 (58)

Dementia

22 (14)

2

ASA score > 2

135 (82)

29 (94)

Transtibial amputation

71 (43)

9

(29)

Through knee amputation

5

0

(0)

Transfemoral amputation

88 (54)

22 (71)

Intraoperative blood loss (mL), median (IQR)

300 (150 – 500)

400 (200 – 675)

General anesthesia

46 (28)

9

(3)

Values are number of patients (%) unless otherwise stated.
ASA: American Society of Anesthesiologists score.
a

n = 140

b

n = 22

43

(7)

(29)

Table 8. Classification of patients according to the potential for avoiding mortality
Definitely
unavoidable

Probably
unavoidable

Failure to Rescue

Total

N = 4 (13%)

n=4 (13%)

n=23 (74%)

N=31

0/4

1/3

3/20

4/27

Stroke

0

1

3

4

Acute myocardial infarction

0

0

6

6

Pneumonia or Respiratory failure

2

0

5

7

Sepsis

2

2

4

8

Renal failure

0

0

3

3

Gastrointestinal ileus or
hemorrhage

0

1

2

3

Postoperative days to death,
median. (IQR)

7 (2.0-9.8)

5 (2.8-6.5)

7 (4.0–11.0)

6 (4.5-10)

Active care curtailed, no / yes

The estimated cause of death:

Values are number of patients (%) unless otherwise stated.
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Table 9. Log binominal regression models
Comparison of the 31 deaths and the 164 survivors
Relative Risk

95% Confidence interval

p-value

Age, (per year older)

1.03

1.00 - 1.06

0.07

Sex, (male)

1.16

0.59 – 2.28

0.70

Body mass index, (per
one unit)

0.95

0.90 – 1.02

0.14

Admitted from nursing
home

0.66

0.33 – 1.33

0.25

Transfemoral
amputation

2.28

1.09 – 4.76

0.03

ASA score, (3-5)

1.73

0.43 – 6.97

0.44

Diabetes

2.73

1.31 – 5.64

0.01

Comparison of the 20 deaths in the FTR group with active care curtailed and the 164 survivors
Relative Risk

95% Confidence interval

p-value

Age, (per year older)

1.07

1.02 – 1.12

0.01

Sex, (male)

1.25

0.53 – 2.95

0.61

Body mass index, (per
one unit)

0.92

0.84 – 1.01

0.08

Admitted from, (nursing
home)

1.05

0.47 – 2.34

0.91

Transfemoral
amputation, (yes)

1.59

0.64 – 3.93

0.32

ASA score, (3-5)

2.06

0.28 – 15.30

0.48

Diabetes, (yes)

3.12

1.21 – 8.00

0.02
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Table 10. Complications, in all 195 patients
Complication

n

Pneumonia or respiratory failure

17

Sepsis

13

Renal failure

6

Stroke

4

Gastrointestinal ileus or hemorrhage

3

Acute myocardial infarction

7

Requirement of more than 3 transfusions

29

within 72 hours from surgery
Re-amputation, (within 30-days from index)

23

Conclusion: Diabetic patients and patients with TFA seems to be in an elevated risk of 30days mortality. Postoperative sepsis, pneumonia and acute myocardial infarction are the
main complications leading to death following LEA surgery. A future intensified focus on
the perioperative optimization of LEA patients seems recommendable, and with room for
improvements. The calculated FTR rate was 30%, which seems high compared to other
populations.
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Study IV (Paper 4)
Surgical apgar score predicts early complication in transfemoral amputees:
Retrospective study of 170 major amputations.
Published in World Journal of Orthopedics, 2016.
DOI: 10.5312/wjo.v7.i12.832
Objective: To assess whether the surgical apgar score (SAS) is a prognostic tool capable of
identifying patients at risk of major complications following lower extremity amputations
surgery.
Methods: The first author of this study calculated the SAS. Information about the major
complications was not revealed to the author until after the calculation of the SAS. SAS
results were organised into four groups (SAS 0-4, SAS 5-6, SAS 7-8 and SAS 9-10) as
proposed by Gawande et al.11. Following this, the patients were arranged into two groups
representing low-risk (SAS ≥ 7) and high-risk (SAS < 7), using a previously established
threshold52,62,63. The outcome of interest was the occurrence of major complications and
death within 30 days of the operation. The definitions of major complications were in
agreement with Gawande et al. from their original study of the field11. This included the
following: blood loss requiring ≥ four units of red cell transfusion within three days of the
operation, acute renal failure (postoperative creatinine > 200 μmol/L), pulmonary
embolism, stroke, acute myocardial infarction, x-ray verified pneumonia, sepsis, and
death. The investigators were careful not to register pre-existing events as postoperative
complications. The findings were double-checked by two independent researchers to
avoid the over-registration of complications. The outcomes omitted compared to
Gawande’s original work were coma for 24 hours or longer, unplanned intubation,
ventilator use for 48 hours or longer, vascular graft failure and deep or organ space
surgical site infection. This were due to their rare occurrence in LEA surgery, or a lack of
registration in the charts12.
Results: For this study, 170 out of 228 consecutive patients were included in the final
analysis; see Figure 3 & Table 11. In total, 58 patients were excluded due to re-amputation
(n=37) or missing data (n=21). A logistic regression model with SAS 9-10 as a reference
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showed a significant linear association between lower SAS and more postoperative
complications (all patients: OR = 2.00 [1.33-3.03], p = 0.001). This effect was pronounced
for TFA (OR = 2.61 [1.52-4.47], p < 0.001). A significant increase was observed for the highrisk group compared to the low-risk group for all patients (OR = 2.80 [1.40-5.61], p=0.004)
and for the TFA sub-group (OR = 3.82 [1.5-9.42] p = 0.004). See Table 12. The Areal under
the curve (AUC) from the models were estimated as follows: all patients = 0.648 ([0.5620.733], p = 0.001), for TFA patients = 0.710 ([0.606-0.813], p < 0.001) and for TTA patients =
0.472 ([0.383-0.672], p = 0.528). See figure 5. This indicates moderate discriminatory power
of the SAS in predicting postoperative complications among TFA patients12.

Table 11.

Total

TTA group

TFA group

N=170

N=70

N=100

30 (18)

9 (13)

21 (21)

28 (16)

7 (10)

21 (21)

Sepsis

12 (7)

4 (6)

8 (8)

Acute myocardial infarction/Acute

7 (4)

0 (0)

7 (7)

6 (4)

1 (1)

5 (5)

18 (11)

5 (7)

13 (13)

Stroke

1 (1)

0 (0)

1 (1)

Pulmonary embolism

0 (0)

0 (0)

0 (0)

SAS complications (%)

Death
Bleeding requiring ≥ 4 units of RBC
transfusion within 3 days following
operation

heart failure
Acute renal failure
Pneumonia

With permission form World Journal of Orthopaedics12

48

Table 12
Logistic regression analysis of SAS groups and complications/death
Score

SAS 9-10

SAS 7-8

SAS 5-6

SAS 0-4

All patients (%) N=170

5 (3)

57 (34)

70 (41)

38 (22)

Complications & deaths within SAS

1 (20)

14 (25)

29 (41)

22 (58)

OR: 1.30

OR: 2.83

OR: 5.50

CI: 0.30-26.64

CI: 0.56-53.99

p=0.36

p=0.143

group (%)
Odds ratio between groups
(reference SAS 9-10)

(ref.)

CI: 0.13-12.64
p=0.82

Linearity of the model, OR (95% CI),
2.00 (CI: 1.33-3.03) p=0.001

p-value
Transfemoral procedure, n=100 (%)

4 (4)

31 (31)

38 (38)

27 (27)

Complications & deaths within SAS

1 (25)

8 (26)

17 (45)

20 (74)

OR: 1.04

OR: 2.43

OR: 8.57

CI: 0.10-11.52

CI: 0.23-25.51

CI: 0.76-96.52

p=0.97

p=0.46

p=0.08

group (%)

Odds ratio between groups
(reference SAS 9-10)

(ref.)

Linearity of the model, OR (95% CI),
2.61 (CI: 1.52-4.47) p< 0.001

p-value
Transtibial procedure, n=70 (%)

1 (1)

26 (37)

32 (46)

11 (16)

Complications & deaths within SAS

0 (0)

6 (23)

12 (38)

2 (18)

OR: 0.74

OR: 2.00

CI: 0.13-4.41

CI 0.63-6.38

p=0.74

p=0.24

group (%)

Odds ratio between groups
(reference SAS 7-8)

-*

(ref.)

Linearity of the model, OR (95% CI),
1.12 (CI: 0.55-2.29) p=0.76

p-value

*Only one TTA in the SAS 9-10 group. SAS 7-8 is therefore used as the reference group.
With permission from World Journal of Orthpaedics12
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Conclusion: SAS provides information regarding the potential development of
complications following TFA. The SAS is especially useful when patients are divided into
high- and low-risk groups12.
Figure 5. Receiver Operating Characteristic Curve for all patients, TFA patients, TTA patients.

With permission from World Journal of Orthopaedics12
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DISCUSSION
The main aim of this Ph.D. thesis was to provide new insights in the overall discussion of
perioperative blood loss and the complications in patients with primary dysvascular
LEA’s. The four papers of this thesis have investigated 1) the status of the calculated total
blood loss, its potential causes, and related complications, 2) the influence of tourniquet
usage on blood loss and re-amputations, 3) the in-hospital mortality and FTR rate, and 4)
the potential of the SAS as a prognostic tool of major complications or death.
Principal Findings
The principal finding in Study 1 was that the TBL in relation to TFA procedures is
significantly higher than the amount recorded by the operating surgeon. One should
expect a higher TBL when the patient presents with renal comorbidity. An increased TBL
and RBC transfusion rate above 2 units did not have a statistically significant impact on
30-day mortality or medical complications in this study. The principal finding in study II
was that the use of a pneumatic tourniquet in dysvascular TTA surgery (ad modum
Persson) does reduce the duration of surgery, the blood transfusion rate (millilitres of
blood transfusion per kilogram bodyweight) and the OBL, but there was no significant
difference in the TBL when evaluated on the fourth postoperative day. We found no
evidence that the tourniquet causes severe damage to vessels and, therefore, an increased
postoperative blood loss. However, although not significant, we did find that patients who
were operated by a consultant experienced a lower blood loss than those operated by
surgeons with less experience. We found no difference between the groups regarding reamputation at the femur level within 30-d follow-up. This finding is similar to studies on
(ad modum Burgess) amputations with long posterior flaps and tourniquets. The principal
finding in study III was a statistical significant higher incidence of postoperative sepsis,
pneumonia and acute myocardial infarction among the patients who died compared to the
survivors. In an adjusted log binominal regression analysis TFA and diabetes were
independently associated with 30-days mortality. In total, 4 deaths were classified as
“definitely unavoidable”, 4 as “probably unavoidable”, and 23 as FTR. Of the FTR deaths,
a total of 20 patients had at some point active care curtailed. The FTR rate was 30%.
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The principal finding in study IV was the statistically significant increase in complications
with a low SAS after LEA surgery. This is even more pronounced when the TFA subgroup is analyzed separately. Thus, for a TFA patient with a SAS < 7, the odds of a major
complication or death are four times larger than for a patient with a SAS ≥ 7. ROC analysis
confirms the discriminatory power of the SAS approach among the TFA patients.
However, the SAS model proved to be of no prognostic value in the TTA group.
Limitations
The major limitation and concern in study I & II was clearly the fact that the blood volume
changes over time, due to the removal of an extremity. This could affect the calculated
TBL, which depends entirely upon the accuracy of the pre-surgery Hgb, the final Hgb
values, and the estimated blood volume. As noted in the paper, the average weight
difference before and after surgery was 8 kilograms. Since the weight difference is
relatively small, taking into account the removal of the amputated limb, it seems that the
weight issue has a limited influence on the results. We find it acceptable not to attempt to
integrate the weight change into the formula. Since we in study II compared two groups
with similar baseline demographics and our interests are the change in the values between
the groups, the approach seems acceptable to highlight the objectives of this study.
Another potential limitation in study II is the decisions whether to use tourniquet or not
made by the operating surgeons. Some surgeons use a tourniquet more often, and no
evidence-based recommendations are used to safely and correctly select a patient for
surgery using a tourniquet. However, the logistic regression model concerning this matter
showed no evidence that a particular patient’s characteristics triggered the surgeons to use
a tourniquet60.
There are several limitations in study III. The percentage of patients classified as FTR
could be too high, and the investigators could have overlooked some complications
among the survivors. This could influence the FTR rate and to some extent explain the
exceptionally high percentage. The usage of FTR is relatively new and it is still debated
what diagnoses should be include in the calculation. Another limitation is the
retrospective classification of the cause of deaths. In general, cohort studies only say
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something about associations and not necessarily the cause. However, the final
classification was based on the consensus of 3 specialists. This approach does introduce
the risk of biased results since the consensus were obtained from a discussion amongst the
researchers mediated by the last author. We do believe however that this approach has
equivalent or even higher value that doing the study as a register based study only. It
would have strengthened the study considerably if the cause of death and the comorbidities and medically conditions had been double checked in the national registries.
A prospective set-up would also to some extent eliminated the risk of missing key phrases
in the journals directing the patients into the different groups.
Due to the relative few events of mortality in study III a log binominal regression analysis
was used to eliminate the risk of an overestimation by simple multivariable logistic
regression analysis.
The limitations in study IV include those affiliated with its retrospective setup as well as
potential missing data. Since the patients suffer many co-morbidities, there is a risk that
some complications could already have been present before surgery. The data collectors
were aware of this particular matter. The research was done on a unique group of patients
often considered to be poor candidates for intensive care and with high post-operative
mortality and morbidity. Randomized controlled trials can be tough within this
population, and we found the retrospective design sufficient to answer our research
question12.
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Perspectives of the Perioperative Blood Loss and Complications in Lower
Extremity Amputations
The perioperative blood loss and complications in lower extremity amputations is an area
of surgery that is sparsely elucidated. However, when combining the results from this
thesis with previous studies, there are some general aspects which stand out. This is
discussed in the following sections.

The Perioperative Blood Loss
Concerning LEA procedures, there remains a lack of knowledge regarding the actual
scope of the blood loss when the first postoperative days are taken into account. The result
of Study I showed how the TBL is approximately twice the amount of the blood loss
registered just after the surgical procedure. The most obvious reasons for this difference
are the seeping of blood with diffuse haematomas occurring postoperatively, and a
potential underestimation of the OBL by the operating surgeons. The seepage into the soft
tissues could be a result of insufficient haemostatic control of minor vessels but could also
come from drainage from the femur canal after the femur is divided. This underestimation
is described in other orthopaedic sub-specialties, and it also seems to be a potential factor
in TFA surgery63.
The most pronounced impact on the volume of TBL is when patients suffer from renal
disease before surgery. This is of such a scale that it warrants a continuous evaluation of
the perioperative management of patients with the potential platelet dysfunction
associated with renal disease. The finding of increased blood loss and renal disease is
consistent with results from other studies34,64,65. The TBL had no direct association with
perioperative medical complications or 30-days mortality.
All four studies illuminated how often the patients receive RBC transfusions, which is a
possible proxy for the deleterious effects of anaemia. In Studies I & II, we did not find a
transfusion rate above the median two units from the time of surgery until day four
postoperatively to be associated with an increased 30-days mortality or medical
complications in an multivariable regression analysis. This could be due to a reduced
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impact of blood loss within a setting of high anaemia vigilance, and a liberal transfusion
policy, which is applicable in both cohorts. The results are in line with a study on hipfracture patients conducted within our department55. However, in Study III, where RBC
transfusions given to anaemic TFA patients prior to surgery were included, we did see a
significant association with mortality in a univariable analysis. As stated earlier in this
thesis, conclusions about mortality in connection to specific variables is a dubious task. We
want to emphasise that the findings are interesting for future prospective studies to
investigate thoroughly, and in a study setup with a high level of evidence.
The application of a pneumatic tourniquet can reduce the OBL and, therefore, the
transfusion rate and risk of the potential transfusion-related complications40. This is no
surprise, since the major vessels are compressed by the tourniquet and ligated during
surgery. Our concern was that the tourniquet could worsen the blood loss from the
operation site due to damage to the minor vessels. Our findings in Study II of a decrease in
the OBL using a tourniquet are similar to the results from a 2006 randomised controlled
trial13. We found no statistically significant difference between the groups when the TBL
was calculated on the fourth postoperative day, indicating no radical change in blood loss.
The fact that the group without tourniquet had a greater OBL and received more blood
transfusions, but had a similar TBL as the tourniquet group, is a dilemma. This result
could illustrate a late onset drop in Hgb level in the patients operated on using
tourniquets, pointing at increased postoperative bleeding. The late reperfusion, which is
associated with the duration of the use of the tourniquet14, creates a potential source of
constant minor bleeding if the surgeons ignore small vessels that are not visualised during
the time when the tourniquet is activated18. Even after thorough inspection for several
minutes after the release of the tourniquet, the possible delayed reperfusion could still
cause leakage from vessels that are not ligated. However, if severe seepage due to
damaged vessels were the issue, we would expect a more noticeable drop in Hgb and a
steeper change in the transfusion curve in Figure 4. The results indicate that tourniquets
do not cause severe vascular damage with an increased postoperative bleeding or failure
rate as the result.
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The Morbidity and Mortality in LEA Surgery
The TFA patients are, most likely, the types of patient (outside of severe trauma patients)
with the highest 30-days mortality. In Study I, 88% of the patients were coded with ASA
scores of 3-4, and 30-days mortality was 18.5%. In comparison with Danish hip-fracture
patients, whom we consider to be the best match for the TFA population, only 58% of the
hip-fracture patients were coded with ASA-score 3-4, with a perioperative mortality of
13%34. This clearly underlines the vulnerability of LEA patients and serves to remind us of
how the continuous optimisation of treatment protocols is important. From Study III, it
seems warranted that future initiatives should be directed at enhanced sepsis and
pneumonia prophylactic actions, in addition to close monitoring of haemodynamics in
anaemic patients, with the potential to further reduce mortality rates. The consensus from
three specialists within the study showed how approximately one-quarter of the deaths
were highly expected when the charts were examined retrospectively. These patients were
suffering from the consequences of septic shock; severely sequelae after resent massive
stroke or unrecoverable respiratory failure. Still, they had surgery performed. This is
remarkable and leaves an impression of how selected patients could have a “less traumatic
death” than today if more attention was paid to the possibility of non-surgical palliative
treatment. For some patients, limb ischemia/severe infections along with serious comorbidities are part of the death process, and a non-surgical approach might be more
ethically correct. However, we acknowledge that an algorithm on selection of patients for
non-surgical palliative treatment is difficult. At the same time, our medical chart review
revealed that three-quarters of all in-hospital deaths were considered FTR; of which, 87%
received less of what is considered to be the maximum postoperative care. This provides a
clear indication of a further potential of reducing short-term deaths following LEA.
As learned in Study III, the LEA cohort is vulnerable with a FTR rate at 30%, which
compared to the 6.4%66 in the cohort of hip fracture patients, is extraordinary high.
However, the usage of FTR is relatively new and it is still debated, which diagnoses should
be include in the calculation. A recent study evaluating the concept of FTR found that
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administrative data is inaccurate in the general hospital population and the FTR rate ought
not to be used in its current state for comparative purposes32.
Study IV on the use of the SAS in LEA surgery is highly relevant. To some extent, the results
from this study did confirm our expectations on the SAS approach, although it was
unexpected to see how poorly the score anticipated the outcome for the patients who had
TTA surgery. In the TFA group, about four times as many patients with major complications
were SAS high-risk patients compared to low-risk. The specificity assessed by the ROC
model supported the difference. It is reasonable to conclude that the SAS has a
discriminatory power on the patients arranged in the TFA sub-group in this study. The TFA
patients were different from the TTA group in several significant variables, which can alter
the risk of postoperative complications. The TFA patients were older, more often
categorised as ASA 3-4 patients and more frequently amputated due to severe
arteriosclerosis. Furthermore, their procedures were frequently performed under general
anaesthesia and with the aid of vasopressor agents to secure a stable mean arterial pressure.
These differences demonstrate how the TTA group is in a better pre-operative shape and
therefore the patients have a reduced risk of postoperative complications. Another
important matter could be the superior haemostatic control in the TTA group, where 50%
had an activated pneumatic tourniquet installed during surgery. This lower intraoperative
blood loss significantly and potentially reduces the risk of intraoperative tachycardia. Most
acute LEA operations are done with a TFA approach, which to some extent is backed by the
results of registration of the acid-base balance and blood lactate. The perioperative blood
lactate in Study IV were 0.3 mmol/L higher in the TFA group compared to the TTA, and
with a higher standard deviation, pointing at several high outliers. Moreover, the acid-base
balance was low. In the case of an acute amputation, the staff would be challenged to
maintain vital parameters during the operation. A rise in the heart rate or OBL, or a
significant drop in mean arterial pressure, would affect the SAS and the outcome.
From Study II it became evident that there is a high re-amputation rate in the perioperative
period. In total 27% of the TTA patients in Study II had a re-amputation at TFA level
performed less than one month from index amputation. This is a major burden for the
patients and the departments. The challenge of deciding the right amputation level is not
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within the scope of this thesis; however, since it is an important finding, it is briefly
discussed.
If an amputation area is free of wounds, necrosis or infection and the patient is evaluated as
a potential prosthesis candidate, the aim of amputation level is a TTA procedure. At the
Orthopaedic department at Hvidovre Hospital SPP is measured with the isotope washout
technique and the result aid the decision on which level to amputate. This measurement is
performed approximately 10 cm distal to the knee joint and the result is a surrogate
measurement of the healing potential. At Hvidovre Hospital, a value of 40 mmHg has been
in use for a number of years. Is the value below 40-mmHg healing is unlikely and a TFA is
performed. Most recent studies, now including Study II from this thesis, continue to show
a high perioperative re-amputation rate above 20%, which is commonly reported from
abroad. It seems likely that patients at Hvidovre Hospital are exposed to an increased risk
of re-amputation due to an over-emphasized use of the SPP measurement or a false
interpretation of the 40-mmHg limit. Future studies must aim to clarify this further.

CURRENT KNOWLEDGE AND FUTURE RESEARCH
In summary, amputation surgery within the Orthopaedic specialty is traditionally a field
of low attention. Patients, severely co-morbid, many with impending death and without
wealthy patient’s foundations to back them, have not been top priority for researchers.
However, due to the relatively common procedures which represents a major burden for
the patients and the society it would be reasonable to demand and increased focus in the
future. Forums such as the regional counsel for amputations at Zealand, the regional
counsel for traumatic amputations etc. and the increasing numbers of presentations on the
subject at the “Danish Orthopaedic Surgery Counsel” yearly meetings do warrant a
brighter future for this population.
There is an intensified and structured effort in the development of an excellent
perioperative care for specific sub-groups at Hvidovre Hospital. This thesis clearly
showed how important a strong perioperative treatment protocol is in LEA surgery. There
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needs to be a future intensified collaboration with the department of Anaesthesiology
regarding the LEA patients since the potential risks are many and the pathophysiology
complicated in the entire perioperative period.
Future studies on the coagulation deficit, platelet dysfunction and possible treatment
mechanisms in renal failure patients presented for LEA surgery is warranted. To gain new
knowledge on this topic, the research group has accepted an invitation to join an ongoing
study at Rigshospitalet assessing peripheral ischaemia and amputation in chronic dialysis
patients. The study is set to finish in the fall of 2017.
Through this thesis, it became evident that the LEA population suffer a major blood loss.
Future trials should aim at blood sparring interventions together with research in
optimum blood saving and transfusion strategies. Concerning the use of tourniquet, a
randomized study on the secondary and adverse effects of its use should be undertaken
before its implementation.
The thesis delivered evidence of the value of the SAS in the post-operative treatment of
TFA patients. Future prospective studies examining the performance of the SAS seem
justified. It also seems warranted that future initiatives should be directed at enhanced
sepsis and pneumonia prophylactic actions, and to closely monitor haemodynamics in
anaemic patients, with the potential to further reduce mortality rates.
Accordingly, it seems relevant to consider if the treatment of these patients should be
organized to a semi-intensive perioperative orthopedic care units instead of the common
orthopedic ward. Alternatively, routine postoperative care in an ICU after high-risk
surgical procedures may allow for greater recognition and correct management of
postoperative complications in the early phase after surgery67. Issues such as tissue
hypoxia due to surgical stress could be insufficiently monitored at regular wards by blood
pressure, heart rate and saturation only. Different invasive and non-invasive techniques
provide an enhanced assessment of optimal oxygen delivery, and individualized goaldirected hemodynamic therapy67 is probably indicated in LEA surgery in the future.
Regarding the continuous high rate of re-amputations, it seems reasonable that future
studies evaluate the use of SPP, and potential alternatives in LEA surgery. The research
group, in alliance with the Clinical Research Department at Hvidovre Hospital, have
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arranged studies aiming to gain new knowledge on the metabolic circumstances at the
amputation site. The result will be compare to the pre-operative SPP measurements. The
collection of tissue samples from the amputations has finished and the data interpretation
is ongoing.

CONCLUSION
Based on the presented thesis and the included studies, it seems reasonable to conclude
the prepared studies provided contemporary data on the topics to answer the following
questions:

What is the approximate TBL in relation to TFA procedures, what are the triggering
factors and how does an increased TBL affect the postoperative result?
The TBL calculated on day four after TFA surgery is rough twice the amount reported just
after the surgical procedure. Patients suffering from renal disease before amputation are
more likely to have an increase in TBL. The TBL did not significantly influence
perioperative mortality or medical complications. Neither did an RBC transfusions
amount > 2 units between the preoperative(𝐻𝑔𝑏𝑎𝑑𝑚 ) and fourth postoperative day Hgb
(𝐻𝑔𝑏𝑓𝑖𝑛 ). A high anaemia vigilance seems recommendable when planning for TFA
surgery.

Is a Tourniquet safe to apply in ad modum Persson TTA procedures or does it increase
the TBL due to damage to the compressed vessels?
No statistical significant increase in TBL was observed in relation to the usage of the
tourniquet. The tourniquet reduces the duration of surgery, the blood transfusion rate and
the OBL. There was no statistical significant increase in the rate of re-amputations between
the groups. From a haemodynamic viewpoint, it appears to be safe and advantageous to
use a tourniquet during ad modum Persson procedures.
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Are there potential possibilities of reducing the postoperative mortality of LEA patients
within the setting of a well-defined rehabilitation programme, taking preoperative
conditions and life expectancy into account?
Diabetic patients and patients with TFA seems to have an elevated risk of 30-days
mortality. Postoperative sepsis, pneumonia and acute myocardial infarction are the main
complications leading to death following LEA surgery. A future intensified focus on the
perioperative optimization of LEA patients seems recommendable, and with room for
improvements. The calculated FTR rate was 30%, which seems high compared to other
populations. Many patients in this cohort have the age and comorbidities to become
critically ill following amputation. However, it is likely that the percentage is falsely
elevated due to the challenges in a retrospective study design.

Is the SAS approach a prognostic tool capable of identifying patients at risk of major
complications following LEA surgery?
The SAS approach provides staff with information regarding the potential postoperative
course after TFA surgery. This is especially pronounced when the patients are
differentiated into a high- and low-risk groups. The scoring system could prove useful in
guiding preventive strategies, such as optimising intraoperative blood pressure or heart
rate.
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Abstract
Introduction: Underestimation of the actual blood loss in patients undergoing nontraumatic transfemoral amputation (TFA) can
impact negatively on outcome in these often frail patients, with very limited physiological reserves. The primary aim of this study is
to estimate the total blood loss (TBL) after TFA, and second, to evaluate the impact of blood loss on 30-day mortality and medical
complications. Methods: A single-center retrospective cohort study conducted from 2013 to 2015. The TBL was calculated on
the fourth postoperative day. It was based on the hemoglobin levels, transfusions, and the estimated blood volume. Results:
Eighty-one patients undergoing TFA were included for final analysis. The median TBL was 964 mL (interquartile range [IQR]: 4431558). The intraoperative blood loss (OBL) was 400 mL (IQR: 200-500). The median difference between TBL and OBL was 688
mL (IQR: 124-1075). The patient received red blood cell (RBC) transfusion of a median amount of 2 units. Higher number of
transfusions (>2) did not impact the outcome. From multivariable analysis, it was evident that the TBL increased significantly in
patients with renal disease prior to surgery, (P ¼ .034). The TBL itself was not independently associated with increased 30-day
mortality or medical complications. Conclusion: The TBL after TFAs is significantly greater than the volume estimated
intraoperatively and increases significantly in the presence of renal disease prior to surgery. An increased TBL and requirement for
RBC transfusion is not directly associated with 30-day mortality or medical complications. A high vigilance for anemia seems
advisable when planning for TFA surgery. Research on optimum blood conservation and transfusion strategies during TFA is
warranted.
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Submitted December 6, 2016. Revised February 15, 2017. Accepted February 16, 2017.

Introduction
Patients requiring transfemoral amputation (TFA) on the basis
of atherosclerosis or diabetes mellitus are often fragile, old, and
with several comorbidities.1,2 They pose a challenge to all
medical staff involved in the treatment due to their limited
physiological reserves. The total blood loss (TBL) associated
with TFA surgery has, to our knowledge, never been investigated. Due to their limited physiological reserves, these
patients are at increased risk of reduced organ perfusion and
subsequent ischemia, organ failure, and death as a consequence
of anemia.1
The primary aim of this study is to quantify the TBL in the
perioperative period until the fourth postoperative day and the
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potential related predictors. Second, since medical complications and 30-day mortality are high during the early phase after
TFA, the TBL and the red blood cell (RBC) transfusion amount
are to be investigated as potential contributors.

Patients and Methods
Study Population
Between January 2013 and March 2015, a total of 150 consecutive TFA procedures were studied. Through a systematic
search of our institutional surgical database, we extracted the
demographic baseline and postoperative parameters of interest.
Patients were included if the indication for surgery was severe
atherosclerosis with pain or diabetes-related complications.
Only patients with a primary TFA were included. We excluded
patients who had undergone bilateral procedures, in whom
intramedullary nails were removed as part of the procedure,
who previously underwent lower extremity amputation surgery
on ipsilateral or contralateral extremity, who had clinical signs
of gastrointestinal bleeding (melena or hematemesis), who
used pneumatic tourniquet, and with missing data, including
patients who died before final Hgb at day 4. The study was
approved by the local ethics committee and registered at the
regional data protection agency (December 04, 2012; j. no.
01975 HVH-2012-053).

Procedure
The patients were treated in a dedicated amputation unit within
the department, regardless of their preoperative status. The
amputation unit uses a multimodal treatment and rehabilitation
program.3 This includes consultation with the department of
vascular surgery and the supplementary measurement of skin
perfusion pressure to determine the level of amputation. The
patients received general or neuroaxial anesthesia and antibiotics preoperatively and low-molecular-weight heparin after surgery as prophylaxis against thromboembolism. The procedure
was performed approximately 10 cm above the knee joint and
with anterior and posterior skin flaps. Trained residents or
senior consultants performed the surgical procedures. Standardized fluid and transfusion procedures were followed. Blood
loss was replaced with isotonic saline at a rate of 1:1 until the
level of hemoglobin fell below 9.67 g/dL (6 mmol/L), at which
point RBC transfusion was initiated. Postoperative fluid therapy and intravenous fluids were only administered if the
patient’s oral intake was less than 2000 mL daily or if they
were hypovolemic. The level of hemoglobin was measured on
admission, prior to operation (less than 1 day before surgery),
and every morning until the fifth postoperative day. If a patient
received transfusions prior to surgery, a new hemoglobin measurement was done hours afterward. The final hemoglobin
value was defined as the last sample obtained on the fourth
postoperative day. In the event of transfusion on day 4, the
hemoglobin value on day 5 was used instead.
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Collection of Data
The variables of interest were collected retrospectively, along
with the 30-day mortality and medical complications. The
patients included were not weighed on a conventional scale
until the first postoperative day. The anesthesiologists estimated patient weight prior to surgery supported by the patient’s
own information. The regular use of nonsteroidal antiinflammatory drugs (NSAIDs) or acetylsalicylic acid in any
dose, as well as the regular use of clopidogrel or vitamin K
antagonists before the amputation, was recorded. The use of
vasopressor drugs during surgery was also recorded. Medical
complications were defined as the occurrence of any of the
following: acute renal failure (RIFLE consensus definitions),4,5
deep venous thrombosis, myocardial infarction, pneumonia,
pulmonary embolism, sepsis, and stroke.

Blood Loss
The TBL was calculated using the Nadler approach,6,7 based on
the difference between the preoperative and fourth postoperative day Hgb, the number of RBC transfusions, and the estimated blood volume. The approach has been applied in total
hip/knee arthroplasty surgery and hip fracture surgery.7,8 The
intraoperative blood loss (OBL) was evaluated by the weight
difference in surgical swabs and the measured suction loss. The
blood volume was determined according to body mass, height,
and gender. The following formulas were used for calculation:
Blood volumeðlÞ ¼ heightðmÞ3  0:356 þ weightðkgÞ
 0:033 þ 0:183 for women;
Blood volumeðlÞ ¼ heightðmÞ3  0:367 þ weightðkgÞ
 0:032 þ 0:604 for men:
The formula used was as follows:
Hgbloss ¼ blood volume  ðHgbadm  Hgbfin Þ
þ Hgb transfusion;
where Hgbloss is the calculated total Hgb loss (g), Hgbadm is the
Hgb value on admission, Hgbfin is the final recorded Hgb value
on day 4, and Hgbtrans is the total amount of Hgb (g) in the
transfused RBCs before the measurement of Hgbfin. The blood
loss was estimated using the following formula:
Blood loss in mL ¼ ðHgbloss =Hgbadm Þ  1000:

Statistical Analysis
Continuous data are presented as median values with interquartile range (IQR) or mean values with standard deviations.
Categorical data are presented as numbers and percentages.
Preoperative data, with known influence on the TBL in other
orthopedic subspecialties,7,8 are analyzed in a multivariable
linear regression analysis. The medical complications and
30-day mortality in relation to TBL and transfusion requirements
are analyzed by multivariable logistic regression. The level of
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Table 1. Details on the Transfemoral Amputations.a
Sex (female/male)
Age, years, mean (SD)
Body mass index, mean (SD)
Cause of amputation
Diabetes/atherosclerosis/other
ASA groups, 1-2/3-4
Poor preamputation functional level (new mobility
score 0-5 )
Preamputation nursing home residence/other hospital
department
Duration of surgery, minutes (SD)
NSAIDs or acetylsalicylic acid (yes)
Clopidogrel (yes)
Cardiovascular disease
Renal disease
Diabetes
Patients with >2 units of RBC transfusion
Patients with Hgb <9.67 g/dL prior to surgery
Delta Hgb 20% (presurgery to day 4 postsurgery)

42/39
76.8 (11.2)
24.0 (7.5)
22/52/7
10/71
78%
23%/17%
78.2 (16.7)
44
22
14
20
29
27
16
15

Abbreviations: ASA, American Society of Anesthesiologists; HGB, hemoglobin;
NSAIDs, nonsteroidal anti-inflammatory drugs; RBC, red blood cell;
SD, standard deviation.
a
n ¼ 81.

significance is set at P < .05. All analyses were performed
using IBM SPSS Statistics version 22.

Results
Of the 150 consecutive amputations accessible for inclusion, 81
patients met the inclusion criteria and were included in the final
analysis. In total, 69 TFAs were excluded due to reamputation
(36), bilateral procedure (12), use of pneumatic tourniquet (11),
gastrointestinal bleeding prior to surgery (5), lack of data due to
death before day 4 (4), and amputation in relation to removal of
an intramedullary nails (1). The preoperative demographics are
presented in Table 1. The patients were weighed on a conventional scale the day after amputation. This was possible in 50%
of the cases. The average difference in weight compared to the
estimated weight before surgery was 8.0 kg. The daily Hgb
measurements were at no point below 10 g/dL on average.
The median TBL was 964 mL (IQR: 443-1558) and the
OBL 400 mL (IQR: 200-500). The median delta value between
TBL and OBL was 688 mL (IQR: 124-1075). In total, a median
of 2.0 (IQR: 1-3) units of RBC transfusion were administered
per patient from surgery until the fourth postoperative day.
Preamputation treatment with NSAID or acetylsalicylic acid,
duration of surgery, and cardiovascular or renal comorbidities
were all associated with an increased TBL in univariable analysis (Table 2). When a multivariable analysis was performed,
only the variable renal disease (P ¼ .034) was associated with
an increased TBL (Table 2).
Total blood loss per 100 mL and RBC transfusion amount
exceeding 2 units (n ¼ 27) showed no statistically significant
influence on medical complications or perioperative mortality
(Table 3). In all, 7 of the 15 patients who died had registered

Table 2. Univariable and Multivariable Linear Regression
of Predictors of Increased Total Blood Loss.
Estimate
(mL)
Univariable linear regression
Age, per year older
Sex, male
Body mass index, per 1 unit
Charge of surgeon, senior
consultant
Duration of surgery, per
minute
NSAID/magnyl, yes
Clopidogrel, yes
Cardiovascular comorbidity,
yes
Diabetes, yes
Renal disease, yes
Multivariable linear regression
Age, per year older
Sex, male
Body mass index, per 1 unit
Charge of surgeon, senior
consultant
Duration of surgery, per
minute
NSAID/magnyl, yes
Clopidogrel, yes
Cardiovascular comorbidity,
yes
Diabetes, yes
Renal disease, yes

15
223
3.5
40
15

95% CI
0.9 to
124 to
20 to
433 to

29.3
569
27
353

5 to 25

P Value
.064
.205
.969
.840
.005

473
43
521

126 to 819
473 to 387
73 to 969

.008
.842
.023

102
564

263 to 466
169 to 958

.580
.006

6 to
152 to
25 to
513 to

.190
.260
.954
.540

12
200
1
121

29
552
24
271

11

1 to 23

.075

401
62
209

6 to 808
449 to 573
272 to 691

.053
.809
.388

169
489

612 to 274
38 to 940

.449
.034

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.

Table 3. Medical Complication or 30-Day Mortality in Relation to
TBL per 100 mL and RBC Transfusions >2 Units.
Multivariable Logistic Regression
Variable
TBL, per 100 mL
>2 Units of RBC transfusion (yes)
Preoperative anemia, (yes)
Age, per year
Sex, male
Duration of surgery, per minute
Charge of surgeon, senior
consultant
Thrombocyte inhibitors, (yes)
Renal disease, (yes)

Estimate

95% CI

P Value

0.979
1.774
4.525
0.959
3.512
1.039
0.773

0.893-1.075
0.367-8.569
0.882-23.213
0.906-1.015
1.065-11.583
0.995-1.085
0.212-2.821

.660
.476
.070
.146
.039
.081
.697

0.588
1.109

0.165-2.097
0.290-4.247

.413
.880

Abbreviations: RBC, red blood cell; TBL, total blood loss.

medical complications prior to their death; 3 of them received
more than 2 units of RBC transfusion.
In total, 22 patients were amputated due to diabetes-related
complications. Nine of them had postoperative complications
(41%). In total, 52 patients were amputated due to atherosclerotic complications and 16 had postoperative complications
(31%). We expect some overlap between the group with
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diabetes-related complications and the patients in the group
with atherosclerosis. The following results are only indicative.
There were no significant difference between the 2 subgroups
regarding TBL (P ¼ .841), the OBL (P ¼ .748), or complication rates (P ¼ .431).

Discussion
From this study, it seems warranted to conclude that the TBL in
relation to TFA is significantly higher than the amount
recorded by the operating surgeon. One should expect a higher
TBL when the patient presents with renal comorbidity. In this
study, an increased TBL and RBC transfusion rate above 2
units did not have a statistically significant impact on the 30day mortality or medical complications.
The TFA patients are, most likely, the patients with the
highest 30-day mortality, within orthopaedic surgery. In this
study, 88% of the patients were coded with American Society
of Anesthesiologists (ASA) score 3 to 4, and 30-day mortality
was 18.5%. In comparison to patients with Danish hip fracture,
which we consider the best match for the TFA population, only
58% of the patients with hip fracture were coded with (ASA
score, 3-4) and with a perioperative mortality of 13%.7 This
clearly underlines the vulnerability of these patients and serves
to remind us of how the continuous optimization of treatment
protocols is important.
The calculated TBL is an alternative way to approach the
bleeding in relation to surgery. From the study of patients with
hip fracture and using a similar approach, it was understood
that “the total blood loss is much greater than that observed
intraoperatively and frequent postoperative measurements of
hemoglobin are necessary to avoid anemia.”7(p1053) In regard
to the TFA procedure, there still remains a lack of knowledge
regarding the actual scope of the blood loss. The results of this
study showed TBL is approximately twice the amount of blood
loss recorded just after the surgical procedure. The most obvious reasons for this difference are diffuse hematomas occurring
postoperatively and an underestimation of the OBL by the
operating surgeons. This underestimation is described in other
orthopedic subspecialties, and it also seems to be a potential
factor in TFA surgery.9 The postoperative bleeding into the soft
tissues could be a result of insufficient hemostatic control of
minor vessels, in combination with seepage from the femur
canal after the femur is divided. Based on univariate analysis,
there was an association between increased TBL and the duration of surgery, renal or cardiovascular disease, and the treatment with NSAIDs/acetylsalicylic acid. The most pronounced
impact is when a patient has renal disease prior to surgery, and
this remains the only statistically significant variable according
to multivariable regression analysis (Table 2). These patients
(n ¼ 20) have a TBL of 1288 mL (IQR: 791-2303). Little is
known about perioperative management of platelet dysfunction
associated with renal disease, but the finding of increased blood
loss is consistent with other studies.7,10,11
Anticoagulation therapy with low-molecular-weight heparin
was standard for all TFAs, and therefore, we cannot comment
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on the impact on the TBL. However, the TBL in this study is of
such magnitude that it may be warranted to evaluate different
anticoagulant regimes.
The TBL had no direct association with perioperative medical complications and the 30-day mortality. This study illuminates how often the patients receive RBC transfusions which is a
potential proxy for the deleterious effects of anemia.12,13 Other
departments may have other experiences regarding this amount
since it depends on the chosen transfusion trigger. It is acknowledged that patients benefit from a liberal perioperative transfusion strategy,12 especially when patients have some degree of
cardiovascular disease prior to surgery.14 A liberal transfusion
trigger of 9.67 g/dL (6 mmol/L) was therefore used to standardize transfusion therapy and to minimize the potential effects of
anemia on the postoperative outcome. We did not find a transfusion rate above the median 2 units to be associated with an
increased 30-day mortality or medical complications, which
could be due to a reduced impact of blood loss within a setting
of high anemia vigilance and a liberal transfusion policy.

Limitations
The change in blood volume over time when an extremity is
removed is considered a challenge in this study. This could
affect the calculated TBL, which depends entirely upon the
accuracy of the presurgery Hgb, the final Hgb values, and the
estimated blood volume. In order to assess the impact of a
reduced weight and thereby blood volume after amputation,
the patient’s weight after amputation was measured on a conventional scale on the first postoperative day. As noted in the
results section, the average weight difference before and after
surgery was 8 kg. Since the weight difference is relatively
small, by taking into account the removal of the amputated
limb, it seems that the weight issue has a limited influence on
the results. We find it acceptable not to attempt to integrate
the weight change into the formula. The potential dehydration
when blood work is performed is also a source of biased
results; however, the patients included in this study followed
a strict fluid therapy protocol, and we believe the influence is
minimal. We did exclude a large number of patients in an
effort to obtain the most accurate estimation of blood loss
during TFA. It did not make sense to us to include patients
with secondary bleeding disorders or a procedure that deviates
from the standard operation protocol. However, we do
acknowledge that this approach could potentially lead to
selection bias. A future prospective study with a larger number of patients should be performed to understand the real
influence of TBL on mortality and also to ensure that complications are not overlooked.
In conclusion, TBL calculated on day 4 after TFA surgery is
up to twice the amount of that observed during a surgical procedure. Patients having renal disease prior to amputation are
more likely to have an increase in TBL. The TBL did not
significantly influence the 30-day mortality or medical complications, nor did an RBC transfusion amount >2 units. Therefore, a high anemia vigilance is recommended when planning
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for TFA surgery. Further knowledge of the coagulation deficit,
platelet dysfunction, and possible treatment mechanisms in
patients with renal failure presenting for surgery is warranted
together with research on optimum blood saving and transfusions strategies in TFA.
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Abstract
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AIM
To investigate the total blood loss (TBL) and the safety
with respect to the re-amputation rate after transtibial
amputation (TTA) conducted with and without a
tourniquet.

Conflict-of-interest statement: The authors declare that they
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directly or indirectly to the subject of this article.

METHODS
The study was a single-centre retrospective cohort
study of patients with a primary TTA admitted between
January 2013 and April 2015. All patients with a primary
TTA were assessed for inclusion if the amputation
was performed because of arteriosclerosis or diabetic
complications. All patients underwent a standardized
TTA procedure that was performed approximately 10
cm below the knee joint and performed with sagittal
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flaps. The pneumatic tourniquet, when used, was
inflated around the femur to a pressure of 100 mmHg
above the systolic blood pressure. The number of blood
transfusions within the first four postoperative days was
recorded. The intraoperative blood loss (OBL), which is
defined as the volume of blood lost during surgery, was
determined from the suction volume and by the weight
difference of the surgical dressings. The trigger for a
blood transfusion was set at a decrease in the Hgb level
< 9.67 g/dL (6 mmol/L). Transfusions were performed
with pooled red blood cells containing 245 mL per
portion, which equals 55 g/L of haemoglobin. The TBL
during the first four postoperative days was calculated
based on the haemoglobin level and the estimated
blood volume. The re-amputation rate was evaluated
within 30 d.

the groups with or without a tourniquet. The basis
for investigating this subject is the theoretical risk of
increased bleeding due to vascular damage in the
tourniquet group, which may, in turn, lead to increased
risk of re-amputation due to local oedema, among other
factors. We found no significant difference in the total
blood loss when calculated on day four after surgery or
in the 30-d re-amputation rate between the tourniquet
and the non-tourniquet group.
Wied C, Tengberg PT, Holm G, Kallemose T, Foss NB, Troelsen
A, Kristensen MT. Tourniquets do not increase the total blood
loss or re-amputation risk in transtibial amputations. World J
Orthop 2017; 8(1): 62-67 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i1/62.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i1.62

RESULTS
Seventy-four out of 86 consecutive patients who
underwent TTA within the two-year study period were
included in the analysis. Of these, 38 were operated
on using a tourniquet and 36 were operated on with
out using a tourniquet. There were no significant
preoperative differences between the groups. The
patients in both groups had a postoperative decrease
in their Hgb level compared with preoperative baseline
values. The patients operated on using a tourniquet
received approximately three millilitres less blood
transfusion per kilogram body weight compared with
patients operated on without a tourniquet. The duration
of surgery was shorter and the OBL was less for the
tourniquet group than the non-tourniquet group,
whereas no significant difference was observed for the
TBL. The TBL median was 859 mL (IQR: 383-1315) in
the non-tourniquet group vs 737 mL (IQR: 331-1218)
in the tourniquet group (P = 0.754). Within the 30-d
follow-up period, 9 patients in the tourniquet group
and 11 in the non-tourniquet group underwent a reamputation at the trans-femoral level. The use of a
tourniquet showed no statistically significant association
with the 30-d re-amputation at the femur level in the
multiple logistic regression model (P = 0.78). The only
variable with a significant association with re-amputation
was age (OR = 1.07; P = 0.02).

INTRODUCTION
Recent studies have illuminated the challenges in lower
extremity amputation surgery where a high short-term
[1,2]
amputation failure rate is especially notable . No clear
explanation for this result has yet been established.
With this retrospective cohort study, we aimed to investi
gate if the possible cause is related to the use of a
pneumatic tourniquet during amputation. Studies have
shown that the use of a tourniquet reduces the intraoperative blood loss (OBL) and facilitates the procedure
(decreases the duration of surgery) during transtibial
[3]
amputations (TTA) . However, despite this advantage,
the use of tourniquets remains a controversial topic in
[4,5]
amputation surgery due to potential complications .
There is a theoretical risk that the tourniquet could
aggravate the blood loss during the first postoperative
days. When the tourniquet pressure is applied to
arteriosclerotic vessels, there is a risk of causing minor
lesions and, as a result, seepage of blood. This seepage
could be unrecognized by the operating surgeons due to
the late onset re-perfusion of the limb after the release
[6]
of the tourniquet and cause severe postoperative
bleeding. Such “hidden blood loss” could potentially lead
to oedema of the stump and maybe associated with an
increased risk of early re-amputation.
The aims of this study were (1) to compare the total
blood loss (TBL) evaluated on the fourth postoperative
day in patients operated with or without the use of a
tourniquet and (2) to evaluate if the use of tourniquet
increases the risk of re-amputation within the first 30
d after TTA performed with sagittal flaps (ad modum
Persson).

CONCLUSION
The results indicate that tourniquets do not cause
severe vascular damage with an increased postoperative
bleeding or failure rate as the result.
Key words: Total blood loss; Intraoperative blood loss;
Transtibial amputation; Lower extremity amputation;
Pneumatic tourniquet; Re-amputation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
The study was a single-centre retrospective cohort
study of patients with a primary TTA admitted between
January 2013 and April 2015. All patients with primary
TTA were assessed for inclusion if amputated because

Core tip: The authors performed a retrospective cohort
study on the use of tourniquets during transtibial
amputation with the primary aim of comparing various
estimates of blood loss and re-operation between
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of arteriosclerosis or diabetic complications. Exclusion
criteria were a bilateral amputation procedure, on-going
gastrointestinal bleeding, amputation due to trauma or
incomplete data or death before the final measurement
of haemoglobin (Hgb).
All patients underwent a standardized TTA pro
[7]
cedure performed approximately 10 cm below the knee
joint and performed with sagittal flaps. The pneumatic
tourniquet, when used, was inflated around the femur
to a pressure of 100 mmHg greater than the systolic
[8]
blood pressure . It was released again at the end of the
procedure but before final closure to secure haemostasis.
The decision to use a tourniquet relied on the surgeons.
Standardized care was provided for all patients regarding
bandages, pain management, rehabilitation, fluid
replacement, pausation of antiplatelet drugs, treatment
[9]
with blood transfusions and thromboprophylaxis . Tran
examic acid was not administered.

included in the re-amputation model.

Statistical analysis

Continuous data are presented as median values
with interquartile ranges (IQRs) or mean values with
standard deviations. Differences between the groups
were tested using a t test or a Mann-Whitney U test
based on the normal distribution assumption. Categorical
data are presented as numbers and were compared
2
using the χ test or Fisher’s exact test in cases with cell
counts of five or less. The associations of TBL and OBL
with tourniquets were analysed using univariable and
multivariable linear regression. The models use either
TBL or OBL as the dependent variable and all previously
mentioned predictor variables along with tourniquets as
independent variables. The residuals in the models were
tested and found to be normally distributed. A logistic
regression model with tourniquet as the dependent
variable was performed to identify potential inherent
selection bias. The association between the 30-d reamputation and the use of tourniquet was analysed
using a multiple logistic regression model. The fit of
the model was evaluated using a Hosmer-Lemeshow
goodness of fit test. A P value of 0.05 was considered
statistically significant. All analyses were performed by
a biostatistician working in R 3.2.0 (R Foundation for
Statistical Computing, Vienna, Austria).

Blood loss

The number of blood transfusions within the first four
postoperative days was recorded where day 0 is the day
of surgery (after the start of the surgical procedure).
The OBL, which is defined as the volume of blood lost
during surgery, was determined from the suction volume
and by the weight difference of the surgical dressings.
The trigger for a blood transfusion was set at a decrease
in the Hgb level < 9.67 g/dL (6 mmol/L). Transfusions
were performed with pooled red blood cells containing
245 mL/portion, which equals 55 g/L of haemoglobin.
The TBL during the first four postoperative days was
calculated based on the haemoglobin level and the
estimated blood volume. The blood volume and loss was
determined according to gender, weight, height and the
Hgb of the patient using formulae described in previous
[10,11]
studies
:
3
Blood volume (l) = height (m) × 0.356 + weight
(kg) × 0.033 + 0.183 for women, and Blood volume
3
(l) = height (m) × 0.367 + weight (kg) × 0.032 +
0.604 for men. Hgbloss = blood volume × (Hgbadm Hgbfin ) + Hgbtrans, where Hgb loss is the calculated total
haemoglobin loss (g), Hgbadm is the haemoglobin value
on admission, Hgbfin is the final recorded haemoglobin
value on day four and Hgbtrans is the total amount of
haemoglobin (in grams) in the transfused red blood
cells before the measurement of Hgbfin. The calculated
blood loss was estimated using the following formula:
Blood loss in millilitre = (Hgbloss/Hgbadm) × 1000.

RESULTS
A total of 74 out of 86 consecutive patients who
underwent TTA within the two-year study period were
included in the analysis. Of these, 38 were operated
on using tourniquets and 36 without. Six patients died
before the 30-d follow-up (n = 3 in the tourniquet
group and n = 3 in the non-tourniquet group). Trained
residents or senior consultants performed the surgical
procedures. Reasons for exclusion were bilateral
amputation (n = 8), trauma (n = 2), and death before
the fourth postoperative day (n = 2). There were
no significant preoperative differences between the
groups (Table 1). The patients in both groups had a
postoperative decrease in their Hgb level compared with
the preoperative baseline values, as illustrated in Figure
1A. The patients operated on using tourniquets received
approximately three millilitres less transfusion blood
per kilogram body weight than the patients operated
on without using a tourniquet (Figure 1B, P ≤ 0.03
for all days). The duration of surgery was shorter, and
the OBL was less for the tourniquet group compared
with the non-tourniquet group, whereas no significant
difference was observed for the TBL. When the median
OBL was subtracted from the median TBL for all the
patients in the two groups, no significant difference was
found (Table 2, P = 0.241). Within the 30-d follow-up,
9 patients in the tourniquet group and 11 in the nontourniquet group had a re-amputation at the transfemoral level.
The logistic regression analysis with tourniquet as

Other variables

Eight predictor variables (age, gender, body mass index,
ASA score, duration of surgery, the rank of surgeon,
intraoperative blood loss, and anti-fibrinolytic medication)
were included in the TBL analysis due to their previously
[10,12]
established influence on patient outcome
. Reamputations were included if performed within 30 d
following the index amputation. Six patients died within
the 30-d follow-up period, and of these six patients,
all underwent re-amputation; these patients were still
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Table 1 Demographic of the included patients
Variables

All patients n = 74

Tourniquet group n = 38

Non-tourniquet n = 36

P value

25/49
72.3 ± 11.0
172 ± 9
74.2 ± 18.8
25.0 ± 5.4
39/35
13/60
49/25
10.9 ± 1.6
368 ± 150

11/27
71.3 ± 9.8
173 ± 9
78.2 ± 18.6
25.9 ± 5.5
19/19
5/32
24/14
11.2 ± 1.6
352 ± 121

14/22
73.4 ± 12.1
171 ± 9
70.1 ± 18.4
23.9 ± 5.2
20/16
8/28
25/11
10.8 ± 1.4
380 ± 169

0.511
0.415
0.178
0.065
0.112
0.806
0.374
0.745
0.246
0.481

40/34
14/60

20/18
8/30

20/16
6/30

0.985
0.854

Sex (female/male)
Age (yr)
Height (cm)
Weight (kg)
Body mass index
Cause of amputation (diabetes/arteriosclerosis)
ASA group 1-2/3-4
Rank of surgeon, (resident/consultant)
Preoperative hemoglobin (g/dL)
Preoperative
Thrombocyte (× 109/L)
NSAID or acetylsalicylic acid (yes/no)
Clopidogrel (yes/no)

Data are presented as numbers or mean values with standard deviations. ASA: American Society of anesthesiologists; NSAID: Nonsteroidal antiinflammatory drug.

Table 2 Perioperative data from included patients
All patients

n = 711

Duration of surgery (min)
Duration of Tourniquet (min)
Intraoperative blood loss (mL)
Total blood loss from day 0-4 (mL)
Delta TBL-OBL (mL)

82 (66-106)

Tourniquet n = 35

Non-tourniquet n = 36

78 (60-97)
30 (18-42)
200 (100-300)
737 (331-1218)
495 (115-900)

250 (150-500)
773 (336-1218)
479 (66-855)

P value

88 (72-112)

0.041

300 (225-600)
859 (383-1315)
296 (-30-803)

< 0.001
0.754
0.241

Data are presented as median values with interquartile range. 1Three patients missing due to no registration of the intraoperative blood loss. TBL: Total
blood loss; OBL: Intraoperative blood loss.

B

+ Tourniquet
- Tourniquet

13

12

11

10

9

Preopr.

0

1

2

3

4

8
Transfusion (mL)/kg bodyweight

Hemoglobin level (g/dL)

A

5

Days post-surgery

+ Tourniquet
- Tourniquet
6

4

2

0

0

1

2
Days post-surgery

3

4

Figure 1 The patients in both groups had a postoperative decrease in their Hgb level compared with the preoperative baseline values. A: Development in
Haemoglobin, Day 0 = day of surgery; B: Transfusion requirements.

the dependent variable identified no potential selection
bias. However, there was a tendency that patients with
a greater body mass index more often had a tourniquet
installed during surgery (P = 0.059). The univariable
linear regression analysis revealed no significant effect
on the TBL from any of the selected variables. Still,
the average TBL was lower for women and when
consultants performed the procedures (Table 3). The
multiple linear regression model of factors influencing
the OBL showed that the non-tourniquet group, on
average, experienced a greater OBL (mean of 243 mL,
P = 0.004) compared with the tourniquet group. No
other variables showed a significant association with

WJO|www.wjgnet.com

OBL. There was no significant difference between the
two groups regarding the TBL (Table 3). The use of a
tourniquet showed no statistically significant association
with a 30-d re-amputation at the femur level in the
multiple logistic regression model (P = 0.78). The
only variable with a significant association with reamputation was age (OR = 1.07; P = 0.02). The
Hosmer-Lemeshow goodness of fit test had a P-value of
0.06 in the re-amputation model.

DISCUSSION
We found that the use of a pneumatic tourniquet in
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Table 3 Univariable and multivariate analysis with linear regression of association between risk factors for the total blood loss in the
74 patients

Tourniquet (used)
Age (per year older)
Women/men (men)
Specialist registrar/consultant (consultant)
Clopidogrel (in treatment)
NSAID/acetylsalicylic acid (in treatment)
Duration of surgery (per minute)
ASA-1-2/ASA 3-4 (ASA 3-4)
Body mass index (per one unit)

Univariable
estimate (95%CI)

P value

Multivariable
estimate (95%CI)

P value

-39 (-370-293)
-10 (-25-5)
320 (-22-662)
-335 (-676-6)
33 (-390-456)
205 (-124-534)
1 (-5-7)
-1 (424-422)
21 (-9-52)

0.810
0.210
0.066
0.054
0.876
0.218
0.752
0.995
0.162

-78 (-431-275)
-7 (-23-9)
221 (-149-590)
-324 (-689-41)
-86 (-520-349)
223 (-126-572)
-3 (-10-5)
-66 (-506-373)
17 (-17-50)

0.659
0.384
0.237
0.081
0.696
0.206
0.482
0.764
0.322

Variables in parenthesis = reference; NSAID: Nonsteroidal anti-inflammatory drug; ASA: American society of anesthesiologists.

dysvascular TTA surgery ad modum Persson does reduce
the duration of surgery, the blood transfusion rate
(millilitres of blood transfusion per kilogram bodyweight)
and the OBL, but there was no significant difference in
the TBL when evaluated on the fourth postoperative
day. We found no evidence that the tourniquet causes
severe damage to vessels and, therefore, an increased
postoperative blood loss. However, although not
significant, we did find that patients who were operated
by a consultant experienced a lower blood loss than
those operated by surgeons with less experience. We
found no difference between the groups regarding
re-amputation at the femur level within 30-d followup. This finding is similar to studies on (ad modum
Burgess) amputations with long posterior flaps and
[13,14]
tourniquets
.
Patients who require a TTA due to diabetes-related
complications or severe arteriosclerosis are often old
[15]
and have several co-morbidities . Recent studies
suggest that a more restrictive strategy towards blood
transfusions in patients undergoing major amputations
would be appropriate since blood transfusions appear to
be associated with post-operative complications, such
[16,17]
as acute renal failure and pneumonia
. The use of
a pneumatic tourniquet around the femur can reduce
the OBL and, therefore, the transfusion rate and risk
[13]
of transfusion-related complications . However, the
effect of the tourniquet in TTA surgery is not thoroughly
described, and the focus has primarily been towards the
ability to reduce the OBL.
Our findings of a reduction in the OBL using a tourni
quet are similar to the findings from a 2006 randomized
[13]
controlled trial . These findings are of no surprise since
the major vessels are strangulated by the tourniquet and
under-tied with sutures by the surgeons. It is reasonable
to assume that the reduction in the OBL will reduce the
[14]
transfusion rate . Our concern was that the tourniquet
could aggravate the seepage of blood from the wounds
due to damage to the vessels during the time when the
tourniquet is inflated. However, we found no statistically
significant difference between the groups when the TBL
was calculated on the fourth postoperative day indicating
no radical change in blood loss.
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The fact that the non-tourniquet group had a greater
OBL and received more blood transfusions but had a
similar TBL as the tourniquet group is a dilemma. This
result could illustrate a late onset drop in Hgb level in
the patients operated on using tourniquets, pointing
at increased postoperative bleeding. Thus, it has been
shown that an exsanguinated human limb will swell
by approximately 10% of its original volume after the
release of a pneumatic tourniquet and mainly due
[6]
to the return of the exsanguinated blood volume .
This delayed reperfusion, which is associated with the
duration of use of the tourniquet, creates a potential
source of continuous minor bleeding if the surgeons
overlook minor vessels not recognized during the time
[18]
when the tourniquet is inflated . Even if the surgical
field is inspected for minutes after the release of the
tourniquet, the possible delayed re-perfusion might
still cause the non-under tied vessels to begin leaking
when the patients are moved from the operating
room. However, if serious seepage due to damaged
vessels was the case, we would have expected a more
dramatic drop in Hgb and a steeper development in the
transfusion curve.
This study has some limitations. Although the
formula used to calculate the TBL has been used
[10,19]
widely in other orthopaedic sub-specialties
, it has
limitations in amputation surgery due to the changes in
the body surface area after amputation. The patients
will, because of this, have a different blood volume after
surgery, which is difficult to correct in the equations.
However, since we compared two groups with similar
baseline values and our interests are the change in
the values between the groups, we believe that the
calculations are acceptable to illuminate the objectives
of our study. Potential biases include the operating
surgeons and the selection of patients for surgery with
a tourniquet. However, the logistic regression model
with respect to this matter showed no evidence that a
specific patient’s characteristics triggers the surgeons to
use a tourniquet.
In conclusion, the use of a tourniquet reduces the
duration of surgery, the OBL, and the transfusion rate in
dysvascular TTA amputations. We found no significant
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difference in the TBL when it is calculated on day
four after surgery or in the 30-d re-amputation rate
between the tourniquet and the non-tourniquet group.
From a haemodynamics point of view, it appears to be
advantageous and safe to use a tourniquet during ad
modum Persson TTA amputations.
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Abstract

23

Background and purpose -An enhanced treatment program seems to decrease 30-days mortality

24

below 20% in lower extremity amputations (LEA). The potential and limitations for further

25

reduction are unknown. We analyzed postoperative causes of 30-days mortality, and introduce

26

Failure to Rescue (FTR) in LEA patients who followed an enhanced treatment program.

27

Patients and methods - Medical charts of 195 primary LEA procedures were reviewed

28

independently by 3 of the authors, and deaths during hospitalization following amputation were

29

classified according to consensus.

30

Results - 31 patients died within 30-days after surgery. 4 deaths were classified as “definitely

31

unavoidable”, 4 as “probably unavoidable”, and 23 as “FTR”. Patients who died had a higher

32

incidence of sepsis, pneumonia and acute myocardial infarction compared to those alive. A log

33

binominal regression analysis adjusted for age, gender, American Society of Anesthesiologists

34

score (ASA), diabetes, nursing home admission, transfemoral amputation (TFA) and body mass

35

index showed that the risk of 30-day mortality was increased for TFA, (RR = 2.3, 95% CI: 1.1– 4.8)

36

and for patients with diabetes (RR = 2.7, 95% CI: 1.3 – 5.6). The FTR rate (patients with 30-days

37

mortality/all patients with a severe postoperative complication) was 30%. Of the FTR deaths, 20

38

had at some point active lifesaving care curtailed.

39

Interpretation - It seems warranted that future initiatives should be directed at enhanced sepsis

40

and pneumonia prophylactic actions, in addition to close monitoring of hemodynamics in anemic

41

patients, with the potential to further reduce morbidity and mortality rates.

42
43
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44

Introduction

45

Extremely high 30-days mortality rates in excess of 30% have been reported in patients following a

46

major dysvascular lower extremity amputation (LEA) (Kristensen et al. 2012). Beyond, severe

47

atherosclerosis or diabetes, the treatment of these patients is most often challenged by several

48

competing co-morbidities and high age (Kristensen et al. 2012, Wied et al. 2016). LEA surgery are

49

major procedures, which generates a high systemic inflammatory response, leading to increased

50

physiological stress. This, and several other physiological challenges, the high age, and the many

51

co-morbidities is a multidisciplinary challenge and a complicated task (Dhalla et al. 2010). The

52

perioperative optimization seems to be a cornerstone if the morbidity and mortality are to be

53

reduced. Positively, a recent study report decreased mortality rates following an enhanced in-

54

hospital treatment program (Kristensen et al. 2016), but the potential and limitations of a further

55

reduction in mortality is unknown. The mortality rates are frequently used to compare the quality

56

of treatment between hospitals. However, this has recently been challenged since some deaths in

57

hospital are inevitable. As stated by Silber et al. (Silber et al. 1992, 2007), the mortality is related to

58

the degree of illness and co-morbidity of patients receiving treatment and not necessarily the

59

expression of differences in the quality of care. “Failure to Rescue” (FTR) rate is becoming

60

increasingly popular as an indicator showing how well hospitals perform once the complications

61

occur (Silber et al. 1992, 2007).

62

The aim of this study is to analyze causes of 30-days mortality after LEA procedures to evaluate

63

the potential for a further decrease in the mortality. The study will introduce FTR in LEA surgery.

64

It is hypothesized that some of the 30-days deaths could be classified as FTR cases, and thereby

65

potentially avoided. Our hope is that the results will complement recent knowledge of the extent

66

of the multi-modal treatment strategies required in LEA surgery. The approach and experience
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67

from a previous hip fracture study by Foss and Kehlet (Foss and Kehlet 2005) will be transparent

68

in this presented research.

69

Patients and methods

70

Hvidovre University Hospital Copenhagen has a catchment area of around 600.000 people, and

71

performs all non-traumatic amputations in the region resulting in approximately 100 major

72

dysvascular LEA’s, per year. The study was a single-centre retrospective cohort study of patients

73

with a primary LEA admitted between January 2013 and April 2015. All patients with primary

74

LEA were assessed for inclusion if amputated because of arteriosclerosis or diabetic complications.

75

Exclusion criteria were a bilateral amputation procedures and re-amputations.

76

All LEA patients follow a well-defined enhanced rehabilitation program, in an acute orthopedic

77

ward (Kristensen et al. 2016).

78

Pre-operative

79

Most patients are referred from the Department of Vascular Surgery, where attempt to vascular

80

reconstruction has been made or deemed unobtainable and measurement of the peripheral blood

81

flow was undertaken. Patients referred from general practitioners, outpatient clinics or emergency

82

departments have their ankle-brachial blood pressure index measured, and their medical record is

83

submitted to the vascular surgeons, for the possibility for revascularisation. If revascularisation is

84

deemed unobtainable, a supplementary measurement of skin perfusion pressure is performed to

85

aid the decision on the amputation level. Senior consultants then review the indication for

86

amputation. The patients are treated upon arrival at the department according to standardised

87

fluid and transfusion protocols. The patients receive prophylactic antibiotics before surgery and

88

low-dose low-molecular-weight heparin after surgery as prophylaxis against thromboembolism.

89
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90

Intra-operative

91

The surgery is performed by trained residents or senior consultants. All transtibial amputations

92

(TTA) procedures are performed approximately 12 cm below the knee joint, with sagittal flaps ad

93

modum Persson (Persson 1974). The transfemoral amputation (TFA) procedure is performed with

94

standard anterior and posterior skin flaps approximately 10 cm above the knee joint. Through knee

95

exarticulation (TKE) is rarely performed at the unit. The tissue vitality is assessed regularly during

96

the operation, and the patient must be informed of the risk of amputation at a more proximal level

97

if tissue intraoperatively is deemed not to be vital. Spinal or general anesthesia is used during

98

surgery. An ischiatic catheter with a continued infusion of (2 mg/mL) Naropin at a rate of (4

99

mL/h) with a possible bolus of 5 mL and 30 min lockout time is placed during the TFA. A

100

peripheral nervous catheter with continuous infusion is applied after surgery for TTA to provide

101

extended analgesia for the first 4 postoperative days.

102

Post-operative

103

Postoperatively the oral intake of fluids is supplemented with 1.000 mL standard rehydration fluid

104

(isotonic Na-K-glucose or Ringer’s Lactate) administered intravenously. Fluid balance is measured

105

from daily body weight if possible, while haemoglobin and blood electrolytes and creatinine are

106

measured preoperatively and until the fourth postoperative day. Hypovolemic patients are

107

rehydrated with fluid at 20 ml/kg body weight.

108

The unit use a liberal transfusion trigger of 6 mmol/L the first 4 days postoperatively as a

109

standardized transfusion therapy and to minimise the potential effects of anaemia on the

110

postoperative outcome. Transfusions are performed with pooled red blood cells containing 245 ml

111

per portion, which equals 55 g/l of haemoglobin.
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112

Additional postoperative analgesia consists of Paracetamol (4 g per day) and Gabapentin

113

(Pregabalin; 600–900 mg a day depending on hepatic function and side effects); Morphine (10 mg)

114

is used as rescue analgesia. Supplementary oxygen at 2 L/min is provided during the first 4

115

postoperative days, whenever the patient is supine. The patients are mobilised out of bed as soon

116

as possible after surgery. Physiotherapy is started on postoperative day 1 and continued for 2–5

117

days during weekdays (for most patients, on a daily basis) until discharge (Kristensen et al. 2016).

118

Data collection & management

119

3 of the authors reviewed the medical charts independently, and deaths within 30-days from

120

amputation or during primary hospitalization were classified according to consensus, as;

121

"Definitely unavoidable" being a result of either; pre-amputation terminal disease or the patient

122

refusing relevant postoperative care such as nutrition, fluids, and rehabilitation, "probably

123

unavoidable" being a result of pre-amputation acute life-threatening medical illness with

124

predictable short life expectancy (<1 month) (Foss and Kehlet 2005). The remaining deaths

125

classified as FTR was defined as those who were related to postoperative complications. It was

126

noted if the patients who died had a notation in their charts on restrictions in the level of active

127

therapy (Foss and Kehlet 2005). Also, the triggering complication of death, based on the medical

128

chart review, was registered. The FTR rate is calculated as (patients with 30-days mortality/all

129

patients with a severe postoperative complication) (Henneman et al. 2013). The patients classified

130

with “definitively” or “probably” unavoidable deaths were excluded from the FTR calculation,

131

inspired by the original work from Silber et al. who excluded acute patients admitted through the

132

emergency ward (Silber 1992). Patient who developed 1 of the following 8 complications while

133

hospitalized: x-ray verified pneumonia or respiratory failure, sepsis, acute renal failure

134

(postoperative creatinine > 200 μmol/L), stroke, gastrointestinal complication (Ileus, hemorrhage),

135

acute myocardial infraction, requirement of more than 3 blood transfusions within 72 hours from

C h r i s t i a n W i e d 6 | 20

136

surgery and re-amputation at a higher level within 30-days from index amputation, were included

137

in the FTR calculation. The data collectors were cautious not to register preexisting diseases as

138

postoperative complications. The findings were double-checked by two independent researchers

139

to avoid over-registration of complications.

140

The study was approved by the local ethics committee and registered with the regional data

141

protection agency (04.12.2012) (j. no. 01975 HVH-2012-053).

142

Statistics

143

Continuous data are presented as median values with interquartile ranges (IQRs) or mean values

144

with standard deviations (SD). Differences between the groups were assessed using a t-test if

145

normally distributed or a Mann-Whitney U test if not normally distributed. Categorical data are

146

presented as numbers and were compared using the Chi-squared test or Fisher’s exact test in cases

147

with cell counts of five or less. Log binominal regression analysis with 30-days mortality as

148

dependent variable, analyzed the relative risk of variables with known influence on 30-days

149

mortality (Barros 2003, Kristensen et al. 2012, Karam 2013). The selected variables were: age,

150

gender, American Society of Anesthesiologists score (ASA), diabetes, nursing home admission,

151

TFA and body mass index. A corresponding model evaluated the 30-day mortality of FTR patients

152

with active care curtailed, compared to those who survived. Log binominal regression analysis

153

was used due to the relative few events thereby eliminating the risk of an overestimation of the

154

estimates from simple multivariable logistic regression analysis (Barros 2003). This study is to our

155

knowledge the first studying mortality causality in this group of patients and as such we were not

156

able to assess variability or distribution before the data collection. As such the resent data

157

represent the biggest dataset on the subject and when published can provide a background for

158

further explorative analysis on the subject for us as well as other researchers. As such the data is
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159

partly qualitative highlighting the issue that there is both a group where care is probably futile as

160

well as a group where postoperative care is probably inadequate.

161

Results

162

In total, 195 consecutive patients with a single primary major dysvascular LEA procedure were

163

included in the study between January 2013 and April 2015. Patient characteristics are found in

164

(Table 1).

165

Causes of death

166

31 out of the 195 patients, died in hospital within 30-days after surgery (median of 6 postoperative

167

days (IQR: 4.5–10)). 22 post TFA procedures and 9 post TTA procedures. There was a statistical

168

significant higher incidence of postoperative sepsis [26% vs. 3%, p<0.00], pneumonia [23% vs. 6%,

169

p<0.00] and acute myocardial infarction [19% vs. <1%, p<0.00] among the patients who died

170

compared to the survivors in univariable analysis. The estimated causes of death according to the 3

171

investigators are found in (Table 2). In an adjusted log binominal regression analysis TFA and

172

diabetes were independently associated with 30-days mortality. [TFA: RR = 2.3, CI = (1.1 – 4.8), p =

173

0.03] & [diabetes: RR = 2.7, CI = (1.3 – 5.6), p = 0.01] (Table 3). The 22 patients who died in the TFA

174

sub-group received statistical significant more blood transfusions during the period from two days

175

before surgery and until the fifth postoperative day [median of 3.0 units vs. 2.0 units, (p = 0.02)]

176

compared to those 88 patients alive in the TFA group.

177

Estimation of FTR

178

After reviewing the medical charts and prior to the consensus meeting, the 3 investigators

179

decisions on mortality were [100% agreement in 13 of the cases], [66.6% agreement in 16 of the

180

cases] and [0% agreement in 2 of the cases]. In total, 4 deaths were classified as “definitely

181

unavoidable”, 4 as “probably unavoidable”, and 23 as FTR. Of the FTR deaths, a total of 20
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182

patients had at some point active care curtailed. 65% of them post TFA procedures and 35% post

183

TTA procedures. A total of 53 patients experienced at least 1 of the 8 defined complications during

184

their stay at the hospital. The FTR rate was 30%, [(23 FTR / 53 (survivors with complications) + 23

185

(FTR)) x 100]. The postoperative complications among all the 195 patients are found in (Table 4).

186

Discussion:

187

The 30-days mortality rate in this study is comparable with previous European studies (Moxey et

188

al. 2010) and it shows, how severely ill patients are when admitted to the department of orthopedic

189

surgery for a dysvascular-related primary LEA. 84% of the patients had an ASA score 3-4, most

190

likely the highest within the orthopaedic specialty. Patients with diabetes or patients having TFA

191

surgery performed are in an elevated risk of 30-days mortality in this study.

192

The consensuses from 3 specialists within this study showed how approximately one-quarter of

193

the deaths were highly expected when the charts were examined retrospectively. These patients

194

were suffering preoperatively from the consequences of septic shock; severe sequelae after recent

195

massive stroke or unrecoverable respiratory failure. Still, they had surgery scheduled and

196

performed. This is remarkable and leaves an impression of how selected patients could have a

197

more dignified death than today if more attention were paid to the possibility of non-surgical

198

palliative treatment. Thus, for some patients, limb ischemia/severe infections along with serious

199

co-morbidities are part of the death process, and a non-surgical approach might be more ethically

200

correct. However, we acknowledge that an algorithm on how to select patients for non-surgical

201

palliative treatment is difficult.

202

If the mortality rate from postoperative acute myocardial infraction is to be reduced it seems

203

critical that hypoperfusion is avoided. Hypoperfusion can result in organ ischemia, physiological

204

stress, and tachyarrhythmia which is tolerated poorly in this patient group (Dhalla et al. 2010).
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205

Clinical estimation alone to guide blood transfusion is probably inadequate (Ram et al. 2014). Daily

206

Hgb measurement is recommendable, and a close regulation of LEA patient's hemodynamics

207

before and after surgery is of a continuous interest. Transfusion is often necessary since the

208

compensatory response to blood loss is blunted (Foss et al. 2009). It seems reasonable to use a high

209

transfusion trigger, which is also the case in frail anemic elderly hip fracture patients sharing

210

similar demographics (Foss et al. 2009, Docherty et al. 2016).

211

Sepsis is a well-documented complication of major surgery with possible severe consequences

212

especially for weaker patients (Buisson. 2000) and this was no exception in the present study. Thus,

213

even with a perioperative standard for fluid therapy and antibiotic during surgery, sepsis and

214

pneumonia remain as significant challenges. It seems reasonable to consider to extent the antibiotic

215

prophylaxis into the early postoperative days. In a dysvascular LEA population, a sepsis diagnoses

216

should most likely result in referral to an intensive care unit for optimal treatment. However, this

217

is seldom initiated due to the underlying comorbidities and the general state of these patients.

218

From the results of this study, it seems relevant to consider if the treatment of the LEA patients

219

should be organized to a semi-intensive perioperative orthopedic care units instead of the common

220

orthopedic ward. Alternatively, routine postoperative care in an ICU after high-risk surgical

221

procedures may allow for greater recognition and correct management of postoperative

222

complications in the early phase after surgery (Sobol and Wunsch 2011). Issues such as tissue

223

hypoxia due to surgical stress could be insufficiently monitored at regular wards by blood

224

pressure, heart rate and saturation only. Different invasive and non-invasive techniques provide

225

an enhanced assessment of optimal oxygen delivery, and individualized goal-directed

226

hemodynamic therapy (Sobol & Wunsch 2011) is perhaps something that needs to be included

227

more in LEA surgery in the future.
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228

Since the present study, to our knowledge, is the first to apply the FTR approach in LEA surgery, it

229

is not possible to compare the result to other departments. However, due to the shared similarities

230

in demographics with the cohort of hip fracture patients, it seems reasonable to conclude that the

231

findings from the present study are with an exceptional high FTR rate. Thus, a US register study

232

on patients with hip fracture patient published in 2015 on a large patient population reported a

233

FTR rate of 6.4% (Menendez and Ring 2015). It should be mentioned that, although the 2 groups

234

may be comparable with regards to demographics, the comorbidity patterns might be very

235

different, and thus making comparison less relevant. Likewise, in a register study using only (ICD-

236

9-CM) codes it could be that preexisting complications more frequently were coded as

237

postoperative complication than the case in this current study.

238

Our medical chart review revealed that three-quarters of all in-hospital deaths were considered

239

FTR. This provides a clear indication of a further potential of reducing short-term deaths following

240

LEA. However, still reducing mortality rates in the FTR group should only be considered possible

241

in theory, and only so, because their death was not assumed to be directly linked to pre-

242

amputation intractable disease or severe acute medical conditions (Foss and Kehlet 2005). The

243

method to discriminate FTR from unavoidable deaths is; of course, open to debate, since it is not

244

based on an objective measurement. Still the group of patients classified as FTR could likely benefit

245

from a further enhanced perioperative treatment program.

246

The fact that 87% (20/23) of the patients classified as FTR deaths received less than maximum

247

postoperative care gives cause for concern. Whether those deaths could have been prevented by

248

prompt and aggressive resuscitation is unknown since they were statically significantly older and

249

more often suffering from diabetes when compared to the survival group. Doctors curtailed active

250

care on ethical grounds considering the current health status, mental status and the pre-

251

amputation function level. The decision to curtail active care was taken by the attending medical
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252

staff, and not influenced by the authors of this study. To justify the decisions on active care

253

curtailment made by in house doctors, and exhibited throughout this study, it seems appropriate

254

to comment on the timing of the withdrawal of the active lifesaving care. Going through the

255

medical records it became evident how the decision not to refer to ICU or active resurrection was

256

settled. Frequently it was through a conversation between the attending resident and a consultant

257

in times with a quickly deteriorating patient. This is stressful and not the ideal time for such

258

discussions. We acknowledge that the issue of the reasonable level of active care in any given

259

patient is always open to discussion.

260

There are several limitations in this study. The percentage of patients classified as FTR could be too

261

high, and the investigators could have overlooked some complications among the survivors. This

262

could influence the FTR rate and to some extent explain the exceptionally high percentage. The

263

usage of FTR is relatively new and it is still debated what diagnoses should be include in the

264

calculation. A recent study evaluating the concept of FTR found that administrative data is

265

inaccurate in the general hospital population and the FTR rate ought not to be used in its current

266

state for comparative purposes (Horwitz et al. 2007). Another limitation is the retrospective

267

classification of the cause of deaths. However, the final classification was based on the consensus

268

of 3 specialists, including the one responsible for the corresponding hip fracture study (Foss and

269

Kehlet 2005).

270

In conclusion, the 30-days mortality within this study is comparable with previous studies and

271

shows the potential in continuous research in perioperative strategies. Diabetic patients and

272

patients with TFA seem to be in an elevated risk of 30-days mortality. Postoperative sepsis,

273

pneumonia and acute myocardial infarction are the main complications leading to death following

274

LEA surgery. A future intensified focus on the perioperative optimization of LEA patients seems

275

recommendable, and with room for improvements. The calculated FTR rate was 30%, which seems
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276

high compared to other populations. In total, 74% of the patients dying within 30-days after

277

surgery, were coded as FTR. Of them, 87% received less than maximum postoperative care.

278

Physicians curtailed active care on ethical grounds at some point before death.
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early complication in transfemoral amputees : Retrospective study of 170 major amputations.
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345

Figure 1. Flow chart of amputee patients at Hvidovre Hospital, from January 2013 to April
2015

Amputations assessed for eligibility (n = 243)
TTA n=86, TKE n=5, TFA n=150, Hip ex-articulation n=2

Excluded:
Bilateral amputations n = 12
Re-amputations n=36 patients, (7 of whom
died within 30 days of their index
amputation, 19%)
Re-amputations were conversions from
TTA n = 26 (72%), TKE n = 4 (11%) or TFA n
= 6 (17%) procedures

Patients included in the study
(n=195), 31 patients with 30days perioperative death, 16%

TTA = transtibial amputation, TKE = through knee ex-articulation, TFA = transfemoral
amputation.
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346
Table 1. Patient characteristics, n = 195
Survivors n = 164

Non-survivors n = 31

Male sex

90 (55)

19 (61)

Female sex

74 (45)

12 (39)

Age in years, mean (SD)

73.7 (12)

77.5 (13)

Own home

110 (67)

22 (71)

Nursing home

54 (33)

9

Body Mass Index, mean (SD)

24.6 (6.5)

23.5 (6.8)

New Mobility Score, mean (SD)

3.9 (2.8) a

(29)

2.5 (3.2) b

Diabetes type I or II

68 (41)

18 (58)

Dementia

22 (14)

2

ASA score > 2

135 (82)

29 (94)

Transtibial amputation

71 (43)

9

(29)

Through knee amputation

5

0

(0)

Transfemoral amputation

88 (54)

22 (71)

Intraoperative blood loss (mL), median (IQR)

300 (150 – 500)

400 (200 – 675)

General anesthesia

46 (28)

9

(3)

(7)

(29)

Values are number of patients (%) unless otherwise stated.
ASA: American Society of Anesthesiologists score.
a

n = 140

b

n = 22

347
348
349
350
351
352
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Table 2. Classification of patients according to the potential for avoiding mortality
Definitely
unavoidable

Probably
unavoidable

Failure to Rescue

Total

n = 4 (13%)

n = 4 (13%)

n = 23 (74%)

n = 31

0/4

1/3

3/20

4/27

Stroke

0

1

3

4

Acute myocardial infarction

0

0

6

6

Pneumonia or Respiratory failure

2

0

5

7

Sepsis

2

2

4

8

Renal failure

0

0

3

3

Gastrointestinal ileus or
hemorrhage

0

1

2

3

Postoperative days to death,
median. (IQR)

7 (2.0-9.8)

5 (2.8-6.5)

7 (4.0–11.0)

6 (4.5-10)

Active care curtailed, no / yes

The estimated cause of death:

Values are number of patients.
354
355
356
357
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Table 3. Log binominal regression models
Comparison of the 31 deaths and the 164 survivors
Relative Risk

95% Confidence interval

p-value

Age, (per year older)

1.03

1.00 - 1.06

0.07

Sex, (male)

1.16

0.59 – 2.28

0.70

Body mass index, (per
one unit)

0.95

0.90 – 1.02

0.14

Admitted from nursing
home

0.66

0.33 – 1.33

0.25

Transfemoral
amputation

2.28

1.09 – 4.76

0.03

ASA score, (3-5)

1.73

0.43 – 6.97

0.44

Diabetes

2.73

1.31 – 5.64

0.01

Comparison of the 20 deaths in the FTR group with active care curtailed and the 164 survivors
Relative Risk

95% Confidence interval

p-value

Age, (per year older)

1.07

1.02 – 1.12

0.01

Sex, (male)

1.25

0.53 – 2.95

0.61

Body mass index, (per
one unit)

0.92

0.84 – 1.01

0.08

Admitted from, (nursing
home)

1.05

0.47 – 2.34

0.91

Transfemoral
amputation, (yes)

1.59

0.64 – 3.93

0.32

ASA score, (3-5)

2.06

0.28 – 15.30

0.48

Diabetes, (yes)

3.12

1.21 – 8.00

0.02

360
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Table 4. Complications, in all 195 patients
Complication

n

Pneumonia or respiratory failure

17

Sepsis

13

Renal failure

6

Stroke

4

Gastrointestinal ileus or hemorrhage

3

Acute myocardial infarction

7

Requirement of more than 3 transfusions

29

within 72 hours from surgery
Re-amputation, (within 30-days from index)

23

363
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Abstract
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AIM
To assess whether the surgical apgar score (SAS) is a
prognostic tool capable of identifying patients at risk
of major complications following lower extremity am
putations surgery.
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METHODS
This was a single-center, retrospective observational
cohort study conducted between January 2013 and April
2015. All patients who had either a primary transtibial
amputation (TTA) or transfemoral amputation (TFA)
conducted at our institution during the study period were
assessed for inclusion. All TTA patients underwent a
standardized one-stage operative procedure (ad modum
Persson amputation) performed approximately 10 cm
below the knee joint. All TTA procedures were performed
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with sagittal flaps. TFA procedures were performed in one
stage with amputation approximately 10 cm above the
knee joint, performed with anterior/posterior flaps. Trained
residents or senior consultants performed the surgical
procedures. The SAS is based on intraoperative heart rate,
blood pressure and blood loss. Intraoperative parameters
of interest were collected by revising electronic health
records. The first author of this study calculated the SAS.
Data regarding major complications were not revealed
to the author until after the calculation of SAS. The SAS
results were arranged into four groups (SAS 0-4, SAS 5-6,
SAS 7-8 and SAS 9-10). The cohort was then divided into
two groups representing low-risk (SAS ≥ 7) and highrisk patients (SAS < 7) using a previously established
threshold. The outcome of interest was the occurrence of
major complications and death within 30-d of surgery.

Wied C, Foss NB, Kristensen MT, Holm G, Kallemose T,
Troelsen A. Surgical apgar score predicts early complication
in transfemoral amputees: Retrospective study of 170 major
amputations. World J Orthop 2016; 7(12): 832-838 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v7/i12/832.
htm DOI: http://dx.doi.org/10.5312/wjo.v7.i12.832

INTRODUCTION
The surgical apgar score (SAS) has a strong correlation
with the occurrence of major complications or death
[1-4]
within 30-d following general and vascular surgery . The
scoring system is based on three intraoperative variables:
Lowest mean arterial pressure, lowest heart rate and
estimated intraoperative blood loss. The score seems
[5,6]
to be irrelevant to several orthopedic sub-specialties .
However, there is a lack of knowledge regarding the utility
of the score in the field of lower extremity amputations
(LEA). An increasing number of high-risk patients are
[7]
undergoing amputations . They diverge from standard
orthopedic patients due to their high age and many co[8]
morbidities . Studies show that their associated 30-d
[9]
postoperative mortality is up to 30% , a rate unmatched
in the orthopedic specialty. Our aim with this study is to
assess whether the SAS is a prognostic tool capable of
identifying patients at risk of major complications following
LEA surgery.

RESULTS
A logistic regression model with SAS 9-10 as a reference
showed a significant linear association between lower
SAS and more postoperative complications [all patients:
OR = 2.00 (1.33-3.03), P = 0.001]. This effect was
pronounced for TFA [OR = 2.61 (1.52-4.47), P < 0.001].
A significant increase was observed for the high-risk
group compared to the low-risk group for all patients
[OR = 2.80 (1.40-5.61), P = 0.004] and for the TFA
sub-group [OR = 3.82 (1.5-9.42), P = 0.004]. The AUC
from the models were estimated as follows: All patients
= [0.648 (0.562-0.733), P = 0.001], for TFA patients =
[0.710 (0.606-0.813), P < 0.001] and for TTA patients
= [0.472 (0.383-0.672), P = 0.528]. This indicates
moderate discriminatory power of the SAS in predicting
postoperative complications among TFA patients.

MATERIALS AND METHODS
This was a single-center, retrospective observational
cohort study conducted between January 2013 and April
2015. All patients who had either a primary transtibial
amputation (TTA) or transfemoral amputation (TFA) at
our institution during the study period were assessed for
inclusion. Exclusion criteria included: Re-amputations, a
combination of amputation and removal of intramedullary
nails and patients with incomplete data registrations.
Patients were identified through our local operation
database. All patients eligible for inclusion were included.
The decision regarding the amputation level was made
by senior consultants taking into account skin perfusion
pressure measurement results and patient general
condition. All TTA patients underwent a standardized
one-stage operative procedure (admodum Persson am
[10]
putation)
performed approximately 10 cm below the
knee joint. All TTA procedures were performed with sagittal
flaps. The TFA procedures were performed in one stage
approximately 10 cm above the knee joint, performed
with anterior/posterior flaps. Trained residents or senior
consultants performed the surgical procedures. The
tourniquet, when used, was inflated around the femur to
[11]
a pressure of 100 mmHg above systolic blood pressure .
Standardized care was provided for all patients including
standards for fluid replacement and thromboprophylaxis.
Initial postoperative rehabilitation programs were initiated

CONCLUSION
SAS provides information regarding the potential develop
ment of complications following TFA. The SAS is especially
useful when patients are divided into high- and low-risk
groups.
Key words: Surgical apgar score; Mortality; Transfemoral
amputation; Post-operative complication; Lower extremity
amputation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study presents new knowledge regarding
the use of Surgical Apgar Score (SAS) in dysvascular
lower extremity amputations (LEA) surgery. There
is a significant increase in complications with a low
SAS after LEA surgery. This is even more pronounced
when the transfemoral amputation (TFA) sub-group
is analyzed separately. Thus, for a TFA patient with a
SAS < 7, the odds of a major complication or death is
four times greater than for a patient with a SAS ≥ 7.
ROC analysis confirms the discriminatory power of the
SAS approach among the TFA patients. However, the
SAS model proved to be of no prognostic value in the
transtibial amputation group.
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as area under the curve (AUC) and related 95%CI.
Logistic regression for complications was made based
on the high- and low-risk grouping to evaluate the
level of increased risk based on the threshold. This was
performed both for all patients as one group and on a
stratified basis for the TFA and the TTA procedures. The
fits of the logistic regression models were evaluated using
the Hosmer-Lemeshow goodness-of-fit test. A p-value of
0.05 was considered statistically significant. All analyses
were performed by a biostatistician working with R 3.2.0
(R Foundation for Statistical Computing, Vienna, Austria).

Table 1 Calculation of surgical apgar score
0 point
Estimated blood loss,
mL
Lowest mean arterial
pressure, mmHg
Lowest heart rate,
beats per min

1 point

2 points 3 points 4 points

> 1000 601 - 1000 101-600

< 100

-

< 40

40-54

55-69

> 70

-

> 85

76-85

66-75

56-65

< 55

on the first postoperative day if patients could cooperate.
Intraoperative parameters of interest were collected
by reviewing electronic health records. The first author of
this study calculated the SAS by following the algorithm
described in Table 1. Data regarding major complications
were not revealed to the author until after the calculation
of SAS. SAS results were arranged into four groups
(SAS 0-4, SAS 5-6, SAS 7-8 and SAS 9-10) as proposed
[2]
by Gawande et al . The cohort was then divided into
two groups representing low-risk (SAS ≥ 7) and highrisk (SAS < 7) patients using a previously established
[5,6,12]
threshold
. The outcome of interest was the
occurrence of major complications and death within 30-d
of surgery. The definitions of major complications were
[2]
in accordance with Gawande et al from their original
[2]
study of the field . This included the following: Bleeding
requiring ≥ 4 units of red cell transfusion within 3 d
following the operation, acute renal failure (postoperative
creatinine > 200 μmol/L), acute myocardial infarction,
X-ray verified pneumonia, pulmonary embolism, stroke,
sepsis and death. The data collectors within this group
were cautious not to register preexisting diseases as
postoperative complications. The findings were doublechecked by two independent researchers to avoid
over-registration of complications. The outcomes were
omitted compared to Gawande’s original work due either
to their rare occurrence in amputation surgery or lack
of registration in the electronic charts. The study was
approved by the local ethics committee and registered at
the regional data protection agency (04.12.2012) (j. no.
01975 HVH-2012-053).
Continuous data are presented as median values with
interquartile ranges (IQR) or mean values with standard
deviations (SD). Comparison between TTA and TFA
patients was performed using the t-test or the Wilcoxon
rank sum test. Categorical data are presented as numbers
with percentages. Comparison between TTA and TFA
patients was performed using the chi-squared test or
Fisher’s exact test. Logistic regression models analyzed
the relationship between complications and SAS. Odds
ratios (OR) were estimated both for each group level with
SAS 9-10 as a reference level and as an average change
between levels in the SAS groups to estimate a linear
effect across the groups. Both models were analyzed for
all patients as one group and were stratified for TFA and
TTA procedures.
The discriminatory accuracy of the SAS was evalu
ated by ROC analysis. The results were expressed

WJO|www.wjgnet.com

RESULTS
One hundred seventy out of 228 consecutive patients
who underwent LEA surgery during the two-year study
period were included in the final analysis. In total, 58
patients were excluded due to re-amputation (n = 37) or
missing data (n = 21). The preoperative characteristics
are shown in Table 2 and the intraoperative chara
cteristics in Table 3. The overall incidence of major comp
lications and deaths is shown in Table 4 and in relation to
the SAS groups in Table 5, which also includes the results
from the regression model comparing the individual
groups to the reference group. There was a significant
linear association demonstrated between SAS group level
[OR = 2.00 (1.33-3.03), P = 0.001] and complications or
death, Table 5. This effect was statistically significant for
the TFA group [OR = 2.61 (1.52-4.47), P < 0.001] but
not for the TTA sub-group [OR = 1.12 (CI: 0.55-2.29), P
= 0.76]. A significant increase in complications or deaths
was observed in the high-risk group (SAS < 7) compared
to the low-risk group (SAS ≥ 7) [OR = 2.80 (1.40-5.61),
P = 0.004]. Corresponding results when the TFA and TTA
groups were analyzed separately were [TFA: OR = 3.81
(1.5-9.42), P = 0.004], [TTA: OR = 1.69 (0.56-5.12), P
= 0.35]. The results of the Hosmer-Lemeshow Goodnessof-fit test for the four models all had P-values close to 1,
supporting the model assumptions. The results of ROC
analysis are shown in Figure 1. The cut-off point of SAS
≥ 7 was found to be optimal when compared to all other
cut-off points based on the specificity and sensitivity
as evaluated by the Youden index. The AUC from the
models were estimated as follows: All patients = 0.648
(0.562-0.733, P = 0.001), TFA = 0.710 (0.606-0.813, P
< 0.001) and TTA =0.472 (0.383-0.672, P = 0.528).

DISCUSSION
This study presents new knowledge regarding the
use of the SAS in dysvascular LEA surgery. There
was a statistically significant increase in complications
with a low SAS after LEA surgery. This is even more
pronounced when the TFA sub-group is analyzed se
parately. Thus, for a TFA patient with a SAS < 7, the
odds of a major complication or death are four times
larger than for a patient with a SAS ≥ 7. ROC analysis
confirms the discriminatory power of the SAS approach
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Table 2 Pre-operative characteristics

Sex (women/men)
%
Age, yrs
Body mass index
Cause for amputation
Diabetes/arteriosclerosis/other
%
ASA-groups, 1-2/3-4
%
Dementia
Cardiovascular disease
Pulmonary disease
Cerebral apoplexy
Kidney disease
Diabetes mellitus
Diagnosed with cancer
Transfused preoperatively (patients)
NSAID or acetylsalicylic acid (yes)
Clopidogrel (yes)
Preoperative hemoglobin, g/L (SD)
Preoperative thrombocytes (SD)

All patients (n = 170)

TTA patients (n = 70)

TFA patients (n = 100)

P -value

74/96
(44/56)
74 (12)
24.5 (6.5)

26/44
(37/63)
72 (12)
24.9 (5.3)

48/52
(48/52)
76 (12)
24.2 (7.2)

0.21

58/105/7
(34/62/4)
25/142
(15/84)
20 (12)
46 (27)
30 (18)
40 (24)
45 (26)
72 (42)
14 (8)
34 (20)
82 (48)
35 (21)
108 (16.1)
354 (151)

30/36/4
(43/51/6)
16/54
(23/77)
6 (9)
22 (31)
12 (17)
11 (16)
17 (24)
37 (53)
6 (9)
10 (14)
38 (54)
13 (19)
108 (16.1)
366 (157)

28/69/3
(28/69/3)
9/88
(9/88)
14 (14)
24 (24)
18 (18)
29 (29)
28 (28)
35 (35)
8 (8)
24 (24)
44 (44)
22 (22)
106 (16.1)
345 (146)

0.03

0.01
0.47

0.03
0.34
0.30
1.00
0.07
0.72
0.02
1.00
0.17
0.21
0.70
0.48
0.46

Values are the mean (SD) and number (%), ASA: American Society of anesthesiologists; TTA: Transtibial amputation; TFA: Transfemoral amputation.

Table 3 Intraoperative characteristics
All patients (n = 170)

TTA patients (n = 70)

TFA patients (n = 100)

9 (5)
116/54
(68/32)
81 (23)
121/49
(71/29)
106
49 (29)
85 (16)
Sys: 131 (21)
Dia: 73 (13)
72 (SD: 1.2)
64 (SD: 0.9)
300 (IQR: 125-475)
1.2 (1.2)
7.39 (0.01)

4 (6)
45/25
(64/36)
85 (26)
56/14
(80/20)
37 (52)
35 (50)
84 (15)
Sys: 131 (20)
Dia: 74 (13)
70 (SD: 1.9)
65 (SD: 1.4)
248 (IQR: 88-408)
1.0 (0.5)
7.41 (0.05)

5 (5)
71/29
(71/29)
79 (20)
65/35
(65/35)
69 (69)
11 (11)
85 (17)
Sys: 131 (21)
Dia: 73 (12)
74 (SD: 1.5)
64 (SD: 1.1)
400 (IQR: 231-569)
1.3 (1.5)
7.38 (0.09)

Bilateral amputation procedure
Rank of surgeon, resident/consultant %
Duration of surgery, minutes (SD)
Neuraxial/general anesthesia
%
Vasopressor agents during surgery (yes)
Tourniquet use (yes)
Initial heart rate (beats/min) (SD)
Initial blood pressure (mmHg)
Lowest heart rate (beats/min)
Lowest mean arterial pressure (mmHg)
Estimated blood loss (mL), median (IQR)
Perioperative blood lactate (SD)
Perioperative acid-base balance (SD)

P -value
0.40
0.06
0.04
0.037
< 0.001
0.77
0.83
0.552
0.13
0.32
0.15
0.33
0.05

TTA: Transtibial amputation; TFA: Transfemoral amputation.

Table 4 Surgical APGAR score complications (%)
Total (n = 170)
Death
Bleeding requiring ≥ 4 units of RBC transfusion within 3 d following operation
Sepsis
Acute myocardial infarction/acute heart failure
Acute renal failure
Pneumonia
Stroke
Pulmonary embolism

30 (18)
28 (16)
12 (7)
7 (4)
6 (4)
18 (11)
1 (1)
0 (0)

TTA group (n = 70) TFA group (n = 100)
9 (13)
7 (10)
4 (6)
0 (0)
1 (1)
5 (7)
0 (0)
0 (0)

21 (21)
21 (21)
8 (8)
7 (7)
5 (5)
13 (13)
1 (1)
0 (0)

TTA: Transtibial amputation; TFA: Transfemoral amputation.
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Table 5 Logistic regression analysis of surgical APGAR score groups and complications/death
Score

SAS 9-10

All patients (%)
Complications and deaths within SAS group (%)
Odds Ratio between groups (reference SAS 9-10)

5 (3)
1 (20)
(ref.)

Linearity of the model, OR (95%CI), P-value
Transfemoral procedure, n = 100 (%)
Complications and deaths within SAS group (%)
Odds ratio between groups (reference SAS 9-10)

4 (4)
1 (25)
(ref.)

Linearity of the model, OR (95%CI), P-value
Transtibial procedure, n = 70 (%)
Complications and deaths within SAS group (%)
Odds Ratio between groups (reference SAS 7-8)

SAS 7-8

SAS 5-6

57 (34)
70 (41)
14 (25)
29 (41)
OR = 1.30
OR = 2.83
CI: 0.13-12.64
CI: 0.30-26.64
P = 0.82
P = 0.36
2.00 (CI: 1.33-3.03) P = 0.001
31 (31)
38 (38)
8 (26)
17 (45)
OR = 1.04
OR = 2.43
CI: 0.10-11.52
CI: 0.23-25.51
P = 0.97
P = 0.46
2.61 (CI: 1.52-4.47) P < 0.001
26 (37)
32 (46)
6 (23)
12 (38)
(ref.)
OR = 0.74
CI: 0.13-4.41
P = 0.74
1.12 (CI: 0.55-2.29) P = 0.76

1 (1)
0 (0)
1

Linearity of the model, OR (95%CI), P-value

SAS 0-4
38 (22)
22 (58)
OR = 5.50
CI: 0.56-53.99
P = 0.143
27 (27)
20 (74)
OR = 8.57
CI: 0.76-96.52
P = 0.08
11 (16)
2 (18)
OR = 2.00
CI: 0.63-6.38
P = 0.24

1

Only one TTA in the SAS 9-10 group. SAS 7-8 is therefore used as the reference group. TTA: Transtibial amputation; TFA: Transfemoral amputation.

Roc curve
1.0

0.8

0.8

0.6

0.6

Sensitivity

Sensitivity

Roc curve
1.0

0.4

0.2

0.4

0.2

0.0

0.0
0.0

0.2

0.4
0.6
1-specificity
AUC = 0.648

0.8

1.0

0.8
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0.0

0.2

0.4
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AUC = 0.71

0.8

1.0
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0.8

0.6

0.4

0.2

0.0
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0.4
0.6
1-specificity
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Figure 1 Receiver operating characteristic curve for all patients, transfemoral amputation patients, transtibial amputation patients.
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among the TFA patients. However, the SAS model
proved to be of no prognostic value in the TTA group.
The population requiring LEA is old, fragile and
has several co-morbidities, as clearly shown by this
study. When compared to the cohort of general and
[1,2,12]
vascular surgery patients
, our average LEA patient
is approximately 20 years older and 84% of patients
have an ASA score classifications > 2 (possibly one of
the highest reported in any orthopedic cohort), which
[2]
compares to 34% in the study by Gawande et al . The
mortality rate in the present study is also high, with
18% of patients dead within the first 30 postoperative
days. This clearly shows how vulnerable LEA patients
are and how an easily applied risk stratification tool
would be of great value for individualizing postoperative
monitoring and care. Such a score was suggested in
[2,3]
2007 and the SAS has proved to be useful in several
surgical specialties including gynecologic, urology and
[1,2,13,14]
colorectal surgery
.
However, only recently has the predictive value of
the SAS on patients undergoing orthopedic surgery been
[6,15]
evaluated
. Furthermore, only in spine surgery was
[6]
the SAS model found to be of value . Despite these
findings, it was expected that the SAS could prove useful
in the LEA cohort due to the similarities in demographics
shared with patients undergoing general and vascular
[1]
surgery . To some extent, the results from this study
did confirm our expectations, although it was surprising
to see how poorly the score predicted outcome for the
TTA patients. In the TFA group, however, approximately
four times as many patients with complications were
SAS high-risk patients compared to low-risk and the
specificity as analyzed by the ROC model confirmed
the difference. It is reasonable to conclude that the
SAS model has discriminatory power on the TFA subgroup. The TFA group is significantly different from the
TTA group in several important variables regarding the
SAS model, which increases the risk of postoperative
complications or death. For example, TFA patients are
significantly older, more often classified as ASA 3-4, more
frequently amputated due to severe arteriosclerosis,
have procedures more frequently performed under
general anesthesia and more frequently require the aid of
vasopressor agents such as Ephedrine or Phenylephrine
to secure a stable mean arterial pressure compared to
TTA patients (Tables 1 and 2). These differences signal
that the TTA group is in markedly better pre-operative
condition and therefore less exposed to postoperative
complications. Another important matter regarding
the low specificity of TTA analysis could be superior
hemostatic control in the TTA group where 50% had a
pneumatic tourniquet applied during surgery. This lower
[16]
intraoperative blood loss significantly
and potentially
[17]
reduces the risk of intraoperative tachycardia . Most
acute LEA procedures are performed with a TFA
[18]
approach , which to some extent is backed by the
results from registration of the blood lactate and acidbase balance. Perioperative blood lactate is 0.3 higher in
the TFA group with a markedly higher standard deviation

WJO|www.wjgnet.com

pointing out several high outliers. Furthermore, the blood
acid-base balance was found to be lower. In the event
of an acute amputation, the operating staff would be
challenged to maintain intact vital parameters during
surgery. A larger drop in mean arterial pressure or a
sudden rise in heart rate or intraoperative bleeding would
affect the SAS and the outcome.
Limitations of this cohort study include those associated
with its retrospective design and the missing data. Since
there are many co-morbidities within this study, there is a
risk that some post-operative complications could already
have been present before amputation. However, the data
collectors within this group have been highly aware of this
matter. The study was performed on a unique group of
patients often considered poor candidates for intensive
care treatment with high post-operative morbidity and
mortality. Randomized controlled trials and prospective
studies can be a dubious task with this population, and
we found the retrospective design sufficient to answer our
research question of the study. The study provides some
evidence of the value of the SAS in the post-operative
treatment. However, further prospective studies examining
the performance of the SAS seem warranted.
In conclusion, it seems warranted that the SAS
approach provides the medical staff with information
regarding the potential postoperative course after TFA
surgery, especially when the patients are divided into
high- and low-risk groups. The scoring system could
prove useful in guiding preventive strategies such as
optimizing intraoperative blood pressure or heart rate.
The previously established threshold of SAS < 7 to
define high-risk patients and SAS ≥ 7 to define lowrisk patients was confirmed to be the optimal cut-point
by ROC analysis within this study. The SAS showed
no discriminatory power in the TTA sub-group, most
likely due to optimized hemostatic control, fewer acute
amputations and overall better condition compared to
TFA patients.
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There is an increasing number of high-risk elderly and severely comorbid
patients scheduled for dysvascular lower extremity amputations. An easily
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regression model shows a significant linear association between decreasing
SAS and increasing postoperative complications in transfemoral amputation
patients. This effect is even more pronounced when the patients were
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Investigational studies of possible factors of the elevated morbidity and mortality
in the Danish lower extremity amputation (LEA) population
Kære Christian Wied
Du har ved mail af 14. april 2014 spurgt, om ovennævnte projekt skal anmeldes til det videnskabsetiske komitesystem.
Komiteen har vurderet, at der ikke er tale om et sundhedsvidenskabeligt forskningsprojekt som dette
er defineret i komitélovens § 2,1, men at der er tale om et kvalitetssikringsprojekt.
Projektet er derfor ikke anmeldelsespligtigt, jf. komitélovens § 1, stk. 4 og kan iværksættes uden tilladelse fra De Videnskabsetiske Komiteer for Region Hovedstaden.
I Danmark har det videnskabsetiske komitesystem til opgave at vurdere sundhedsvidenskabelige
forskningsprojekter.
Ved et sundhedsvidenskabeligt forskningsprojekt forstås projekter, der indebærer forsøg på levendefødte menneskelige individer, menneskelige kønsceller, der agtes anvendt til befrugtning, menneskelige befrugtede æg, fosteranlæg og fostre, væv, celler og arvebestanddele fra mennesker, fostre og
lign. eller afdøde. Herunder omfattes kliniske forsøg med lægemidler på mennesker og klinisk afprøvning af medicinsk udstyr.
Sundhedsvidenskabelig forskning omhandler primært forskning inden for de lægevidenskabelige fag,
den kliniske og den socialmedicinsk-epidemiologiske forskning. Begrebet omfatter, udover forskning
af de somatiske sygdomme, tillige de psykiatriske og de klinisk-psykologiske sygdomme og tilstandsformer. Herudover inddrages tilsvarende odontologisk og farmaceutisk forskning under begrebet.
Registerforskningsprojekter, interviewundersøgelser og spørgeskemaundersøgelser skal kun anmeldes, hvis der indgår menneskeligt biologisk materiale i projektet.

1

Lov nr. 593 af 14. juni 2011 om videnskabsetisk behandling af sundhedsvidenskabelige forskningsprojekter med senere æn-

dring.
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Der ligger således ikke i afvisningen af at bedømme projektet nogen etisk stillingtagen eller negativ
vurdering af dets indhold.
Vi gør opmærksom på, at Sundhedsstyrelsen i visse tilfælde skal godkende videregivelse af oplysninger fra patientjournaler. Nærmere oplysning kan findes på Sundhedsstyrelsens hjemmeside.
Behandling af personhenførbare oplysninger er omfattet af persondataloven. Nærmere oplysning herom findes på Datatilsynets hjemmeside.
Klagevejledning
Komitéens afgørelse kan, jf. komitélovens § 26, stk. 1, indbringes for Den Nationale Videnskabsetiske Komité, senest 30 dage efter afgørelsen er modtaget. Den Nationale Videnskabsetiske Komité
kan, af hensyn til sikring af forsøgspersonernes rettigheder, behandle elementer af projektet, som ikke
er omfattet af selve klagen.
Klagen skal indbringes elektronisk og ved brug af digital signatur og kryptering, hvis protokollen indeholder fortrolige oplysninger.
Dette kan ske på adressen: dketik@dketik.dk
Klagen skal begrundes og være vedlagt kopi af Den Regionale Videnskabsetiske Komités afgørelse
samt de sagsakter, som Den Regionale Videnskabsetiske Komité har truffet afgørelse på grundlag af.

Med venlig hilsen

Simon Francis Thomsen
formand, Komite A
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