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Background. Injury to the main vessels is often accompanied by life-threatening bleeding, permanent disability or death.
In the modern literature, only isolated cases of reconstructive surgery for major vein injury are described, their long-term
results are insufficiently studied, there is little information about the introduction of telemedicine technologies into the
practice of emergency angiosurgical care.

The aim of the study is to demonstrate the immediate and long-term results of the joint work of trauma surgeons and
angiosurgeons in helping a patient with injury to the main femoral vessels.

Case presentation. The results of treatment of the patient with the diagnosis: laceration of the upper third of the right
thigh with rupture of the common femoral vein and superficial femoral artery and the development of threatening ischemia
of the right lower limb; severe blood loss; hemorrhagic shock IV; severity of injury: VPH SP 33; MESS 7. Treatment of the
patient took place in several stages. At the first of them, hemostasis was performed, the hemorrhagic shock was resolved.
Further, the patient was consulted by an angiosurgeon through telecommunication technologies, after which it was decided
to include an angiosurgeon in the surgical team. The prosthetics of femoral vessels was performed: the main venous and
arterial blood flow was restored in the affected limb. The patient was discharged in a satisfactory condition with no signs of
thrombosis.

Conclusions. Compliance with consistent actions in helping a patient with a vascular injury prevents the development of a
«deadly triad» and a fatal outcome. The use of telemedicine consultations provides the angiosurgeon with the opportunity to
remotely assess the clinical picture, the severity of the injury, discuss the sequence and volume of necessary medical care at
the place of primary hospitalization. Performing reconstructive surgeries using various types of grafts allows you to restore
the main blood flow through damaged vessels with good immediate and long-term results.
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YcnewHoe npotesupoBaHue Npu TpaBMaTUYECKOM MOBPEXAEHUN
6eapeHHbIX COCYAOB: KNIMHUYECKUNA CyYaid

C.A. Yepusgpen', A.I0. Jlemuuckas 2, B.C. Boueros?

I ®IBOY BO «Ypansckuii 2ocydapcmeeHHbili MeQuyuHcKuii yHusepcumem» Munzdpasa Poccuu,
2. Exkamepun6ype, Poccus

2TAY3 CO «TeppumopuasivHalli yeHmp mMeduyuHst Kamacmpod», 2. Ekamepur6ype, Poccus

AxkmyansHocme. TIoBpeskaeHe MarucTpaabHbIX COCYI0B HEPeKO COITPOBOXKAAETCS KM3HEYTPOXKAIOUMM KPOBOTeUeHMEM,
CTOJIKO} yTPaTOii TPYAOCIIOCOOHOCTH WJIM JIETAJIbHBIM MCXOIOM. B COBpeMeHHOII IMTepaType OMMCAaHbI JUIIb eAVHUYHbIE
CJy4ay peKOHCTPYKTUBHBIX BMeIIaTebCTB IPY TPaBMe MarucTpaabHbIX BeH, HeOCTaTOUHO U3yUeHbl UX OTHaJeHHbIe pe-
3y/IbTaThl, MaJIO MHPOpPMAIMK O BHEAPEHUM TeIEeMEOULIVTHCKUX TEXHOJIOTHUI B MPAKTUKY HEOTIIOXKHOV aHTMOXUPYprude-
CKOJ1 TIOMOILIN.

Onucatue cnyuas. IIpefcTaBieHbl pe3yabTaThl OKa3aHUs aHTMOXMUPYPTrUUECKOi ITOMOIM TOCTPafaBIIeMy C IMarHo30M:
pBaHas paHa BepxHeii TpeTy IpaBoro 6eapa ¢ pa3pbiBOM 0011eii 6eIpeHHO BEHbI ¥ [TOBEPXHOCTHOV OeIpeHHO apTepuy,
pasBuUTHe yrpoxkalolieii UilleMuUy IPaBoii HYDKHEe KOHEUHOCTH; KPOBOIIOTEPS TSIKeIOi CTeleHN; TeMopparnyeckuii Mok
IV crenenu. Tsxkectsb TpaBmbl: BIIX CIT 33; MESS 7. Oka3aHue MOMOIIM MTOCTpafaBiieMy MPOXOAMI0 B HECKOIbKO 3TAIl0B.
Ha repBom 3Tarie 6bu1a BBITTOJIHEHA OCTAHOBKA KPOBOTEUEHMS, MAI[MEHT BbIBEJEH M3 reMOPParmyeckoro moka. 3arem 6oi1a
MpOBeleHa TeJIeMeANIIMHCKAs KOHCY/IbTAIVsI, TIOC/Ie Yero ObIJIO IPUHSTO PEllleH)e O BKITIOUEHUY B Opuragy aHrMoxXupypra.
Bbuta BBINOJTHEHA PEKOHCTPYKTMBHASI OINepalusl — MpoTe3MpoBaHye 6eqpeHHbIX COCYI0B. B mocTpagaBileii KOHEYHOCTU
BOCCTaHOBJIEH MaruCTPaIbHbI/ BEHO3HBIN M apTepUaIbHbIi KPOBOTOK. [TallMeHT B yIOBIETBOPUTEILHOM COCTOSTHUM GbLT
BbIMVCAH 6€3 MpU3HAKOB TpoM6O03a.

3axntouenue. CobnomeHMe MOC/IeNOBATENbHbBIX IeMCTBUI MPY OKA3aHUM IMOMOIIM IMaIMeHTy C TPAaBMOW COCYIOB I10-
3BOJISIET He HONMYCTUTh Pa3BUTHE «CMEPTEJNbHOI Tpuagbl» M (QaTaJbHOTO ¥Mcxoma. IIpuMeHeHMe TeleMeqUIIMHCKAX
KOHCYJIbTAlLUI MPeNOoCTaB/sIeT aHTMOXUPYPTy BO3MOXKHOCTb AUCTAHIIMOHHO OLIEHUTh KIMHUYECKYI0 KapTUHY, TSIXKEeCTb
MMOBPEXIEHMS, 06CYIUTH TIOCAEA0BATENBHOCTh M 00beM HEOOXOAMMO MEAUIIMHCKOM ITIOMOIIY IO MECTY ITEPBUYHOI ro-
cnuTanu3anum. BelllonHeHMe peKOHCTPYKTUBHBIX OTlepalinii ¢ MCIIOIb30BaHMEM Pa3aMUHbIX BU0B TPaHCIIAHTATOB MO-
3BOJISIET BOCCTAHOBUTH MaruCTPaIbHbIN KPOBOTOK IO ITOBPEKAEHHBIM COCYAAM C XOPOIIMMMU GIVKANIINM U OTAATIEHHBIM
pesyabTaTaMum.

KiroueBsbie ciioBa: IMOBpeXaeHne CoOCyaoB, TpaBMa MarMCTpaJbHbBIX COCYyoOB, pBaHAsd paHa 6enpa, crienqain3MpoBaHHAS
IIOMOIIb, TeJIEeMeAULIMHCKME KOHCY/IbTallUN.

YepusigpeB C.A., JlemuHckas A.JO., Boueros B.C. YcneniHoe npoTe3upoBaHue MpU TPaBMAaTUUECKOM ITOBPEXIEHUU
OeIpeHHBIX COCYIOB: KIMHMYeCKuit ciaydait. Tpasmamonozus u opmoneduss Poccuu. 2022;28(2):105-113.
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BACKGROUND

According to the literature, the incidence of open
traumatic vascular injuries ranges from 2.0%
to 25.5% [1, 2, 3, 4]. According to Quan et al.,
they are caused by injuries in 95% of cases [5].
Szaniewski et al. noted an increase in the inci-
dence of damage to the main vessels due to the
impact of firearms, sharp and piercing objects,
and traffic accidents [4]. Injuries resulting from
occupational accidents are considered important
among the causes of injury. Annually, 340 million
such accidents of varying severity are recorded
worldwide, and the mortality rate is 2.3 million
people per year [6].

Damage to two or more great vessels is accom-
panied by massive bleeding, often leading to the
development of refractory hemorrhagic shock,
lethal outcomes, and amputation due to the de-
velopment of irreversible limb ischemia [5, 7, 8].

Until now, the question of the expediency of
restoring the main venous blood flow, especially
with massive severe injuries, remains unresolved.
The lateral suture of the vessel is the main type
of surgery for vein injuries in 90% of cases [8, 9].
Total damage to a vein requires a reconstructive
intervention, and the absence of the necessary
graft sometimes ends with ligation.

The modern literature describes isolated cases
of reconstructive interventions for injuries of the
major veins, their long-term results are insuf-
ficiently studied, and there is little information
on the introduction of telemedicine technologies
into the practice of emergency angiosurgical care.

Herein, we present a rare clinical case of the
formation of an autovenous conduit for prosthet-
ics of a damaged vein.

CLINICAL CASE

A 56-year-old patient was transferred to the
trauma department of the Central City Clinical
Hospital No. 24 in Yekaterinburg by an ambu-
lance team on 04/09/2020 in a terminal condition
due to stage IV hemorrhagic shock according to
the Advanced Trauma Life Support classification.
Forty minutes before admission, during the in-
stallation of a metal constructional timber, the
patient received a blow with the end of an iron
beam (weighing 30 kg) on the upper third of the
right thigh, followed by loss of consciousness. At
the pre-hospital stage, a tight pressure aseptic
bandage was applied to the patient in the wound

area, anesthesia was performed with narcotic
analgesics, and an infusion of crystalloids and
colloids was started with the administration of
direct-acting adrenomimetics (norepinephrine)
at a rate of 1 pg/kg/min. The total volume of in-
fusion therapy by the ambulance team was 1000
mL.

During the physical examination in the ad-
mission department of a trauma hospital, the
level of consciousness on the Glasgow scale was
estimated at 10 points (sopor). The skin was pale,
breathing was spontaneous, and the respiratory
rate was 28 per minute. Hemodynamic parame-
ters were unstable, with a pulse of 90-120 beats/
min and blood pressure of 40/0 mm Hg. In the
upper third of the right thigh, in the projection of
the neurovascular bundle, there was a lacerated
wound sized 30x20 mm with signs of continuing
bleeding, and the blood loss volume was 2500 mL
(Fig. 1). The right lower limb was cyanotic and
cooler than the left one. Pulsation was not de-
tected distal to the wound, and there was no con-
tracture in the ankle joint.

Fig. 1. Wound with
_ * ongoing venous
 Dbleeding

Indicators of the general blood test showed
hemoglobin of 78 g/L, erythrocytes of 2.6x1012/L,
and hematocrit of 19%. Given the severity of the
condition due to continuing bleeding, the pa-
tient was transported immediately to the oper-
ating room. The trauma team performed a revi-
sion of the femoral vessels under endotracheal
anesthesia and revealed a rupture of the vascular
bundle of the right inguinal region. Bleeding was
stopped by applying hemostatic clamps to the
proximal and distal ends of the vessels (Fig. 2).

Intensive therapy was continued with 1500 mL
of crystalloids, 705 mL of erythrocyte suspension,
and 400 mL of fresh frozen plasma. The vascu-

107 2022;28(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS / CZIYYAU U3 NMPAKTUKN

lar surgeon on duty at the Territorial Center for
Disaster Medicine consulted the patient via a secure
videoconferencing channel with a further decision
on the urgent inclusion of a vascular surgeon in
the operating team. At the time of the arrival of the
vascular surgeon (1.5 h from the moment of injury),
the patient’s condition was stabilized, blood pres-
sure was 110-130/90 mm Hg with minimal doses of
vasopressor support, the HR was 80-90 bpm, and
anuria resolved. Ischemia of the right lower limb
was assessed as threatening, the skin of the right
lower limb remained pale, the foot and lower leg
were hypothermic, and the saphenous veins were
empty, but there was no contracture. Specialized
care was started for the patient. After the excision
and mobilization of the ends of the damaged ves-
sels, diastasis was determined for 5 cm between the
arterial ends and 4 cm between the venous ends.
To restore the main arterial blood flow and
to arrest acute ischemia of the injured limb, re-
placement of the superficial femoral artery was
performed first, followed by the replacement of
the common femoral vein. During the revision
of the great saphenous vein on the left thigh, its
small diameter was revealed; therefore, a blood
vessel prosthesis was used. The defect of the su-
perficial femoral artery was replaced with a pol-

Fig. 2. Revision
of the wound
and stopping the
bleeding

vein:

ytetrafluoroethylene explant with end-to-end
anastomoses. The main pulsatile blood flow was
restored at all levels of the injured limb. To form
an autovenous conduit of the common femoral
vein of a suitable diameter, two parts of the great
saphenous vein of the contralateral limb were
used, which were collected over a distance of 12
cm. Subsequently, both sections of the great sa-
phenous vein were dissected longitudinally and
then, without reversion, sutured together on a
5-mL syringe barrel (Fig. 3).

Then, the graft was hydraulically dilated, and
end-to-end anastomoses were formed with the
common femoral vein (Fig. 4).

By the end of the surgical treatment, the is-
chemia of the right lower limb regressed, without
impairments in arterial and venous hemodynam-
ics. The time of ischemia of the injured limb from
the moment of injury to the complete restoration
ofblood flow was 3.5 h. During the surgery, the to-
tal volumes of transfusion of erythrocyte suspen-
sion, fresh frozen plasma, and crystalloids were
2081 mL, 1010 mL, and 1750 mL, respectively.

In the postoperative period, in addition to
infusion therapy, compression therapy was per-
formed, therapeutic doses of anticoagulants
were used, and antibacterial prophylaxis was also
conducted.

On postoperative day 10, against the symp-
toms of infection of the postoperative wound of
the left thigh, a phlegmon occurred accompanied
by febrile hyperthermia, bright hyperemia of
the wound edges of the left inguinal region with
propagation to the womb area, and serous puru-
lent discharge. In the general blood test, leuko-
cytes reached the level of 15.0x109/L. The wound
on the right thigh remained without signs of in-
flammation. The patient was transferred from
the traumatological hospital to the department

Fig. 3. Stages of an autovenous graft formation from a great saphenous

1 — division of great saphenous vein into two fragments;
2 — dissection of two fragments of great saphenous vein along;
3 — formation of a venous conduit on a syringe cylinder
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of purulent surgery. The left thigh wound was
successfully drained, and a pus leak was opened
in the womb region.

Bacteriological studies of the wound discharge
revealed the growth of gram-negative flora with
Klebsiella pneumoniae and Proteus mirabilis.
Taking into account the sensitivity of microor-
ganisms, antibiotic therapy with a broad-spec-
trum drug Amoxiclav 1200 mg given three times
a day intravenously was continued.

Fig. 4. Prosthetics of the common femoral vein with
the formed autovenous conduit and the superficial
femoral artery with an explant

After another 10 days, the patient was dis-
charged in a satisfactory condition; the left thigh
wound healed with secondary intention, with-
out suturing. The right thigh wound remained
without signs of infection; according to clinical

[2D] G50 125dB FAD P90 H/

1516505 50kHz FAB F1 10 B K 00g 168 mm *

and ultrasound data, the main arterial and ve-
nous blood flow was preserved. At the outpatient
stage, a regimen of elastic limb compression and
intake of therapeutic doses of direct anticoagu-
lant rivaroxaban 20 mg once a day was recom-
mended. The patient was examined by a vascular
surgeon after 3, 6, and 12 months.

Three months after the discharge, the rivar-
oxaban dose was reduced to 10 mg/day, and af-
ter 6 months, the drug was discontinued; low
doses of acetylsalicylic acid (50 mg/day) were
prescribed. Data from repeated clinical exami-
nations and control ultrasound studies demon-
strated the preservation of the main blood flow
through the damaged vessels (Fig. 5).

No recurrences of the infectious process were
registered. The patient gained full recovery of the
ability to work.

DISCUSSION

The results of treatment of combined injuries
of arteries and veins are not often discussed in
modern literature. Thus, in PubMed, from 2016
to 2022, we found only eight publications on this
subject. The keywords used for the search were
combined injury veins, arteries; injury veins and
arteries extremities; autovenous graft, telemedicine
[8,9,10,11, 12,13, 14, 15].

The principles of care for patients with vein
and artery injuries have been developed and im-
proved over the centuries. Until the 1960s and
1970s, the main type of surgical intervention was
ligation of the vessel, especially in the case of
damage to the venous vessel. On this occasion,

[2D] G50 125dB FAQ P90 HAR FSI 1

€1 G501.00kHZFAT F1.10 [PW] G55 F1 6.00 kHz 1.00@19.35 mm 0°

Fig. 5. Ultrasound duplex scanning (control study after 12 months):
a — superficial femoral artery; b — common femoral vein
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N.I. Pirogov wrote during the Crimean War: “The
wounded after ligation of major vessels mostly
die.” The famous surgeon himself had the great-
est experience in such surgeries, performing
more than 80 of them, while 46% of patients re-
covered [16].

For a long time, such an approach was consid-
ered appropriate in military field surgery. Thus,
the frequency of ligature surgeries during World
War II reached 97.5% of cases, and the propor-
tion of amputations exceeded 40% [17, 18, 19].
Evidence also presents that not only ligation of
arteries can lead to impaired limb viability, but
also ligation of large main veins can cause the
development of ischemic venous thrombosis [1].
Vein ligation still accounts for a high proportion
of cases and reaches 57%, and the lateral suture
prevails in the range of restorative surgeries [8].

To date, arterial prosthesis techniques have
been developed and are widely used in practice.
An autovein is the optimal plastic material for
restoring the integrity of the main vessels, espe-
cially in the initial microbial contamination of
the wound at a young age. The use of the great
and small saphenous veins of the lower extremi-
ties, as well as the cephalic and main veins of the
upper extremities as an autograft, has been de-
scribed [1, 4, 7]. Vascular prostheses can be used
in the case of damage to the aorta or the absence
of an autovein of the required diameter in cases
of injury to other vessels.

Severe trauma is not a simple clinical situa-
tion, and standard solutions are often not suit-
able for it. Many factors depend on the surgeon’s
experience. The variant of the main vein replace-
ment with an autograft we presented was first
described in 1952 by Hurwitt and Kantarowitz
[20]. In 1979, Vedensky studied in detail the tech-
nical aspects of this and other techniques of re-
constructive vein surgery. The author also noted
several disadvantages, namely, the surgery dura-
tion and the need for the application a longitu-
dinal suture, explaining the rare practical use of
the described technique in injury [21].

Unfortunately, the desire to restore only the
main arterial blood flow, without taking into ac-
count the role of the venous system in limb hemo-
dynamics, does not always lead to the desired
result. Thus, cases of the development of phleg-
masia cerulea during ligation of the main veins
were described. Al-Ganadi pointed out the im-
portant role of the restoration of major damaged

venous trunks of the extremities in trauma. The
author performed such interventions in 77% of
cases with combined damage to veins and arter-
ies, reaching a frequency of limb amputations of
no more than 5% [1]. The time of limb ischemia
is also significant in the restoration of the main
arterial blood flow; a period of 6-8 h from the mo-
ment of injury is considered critical, while no data
in the literature provide the acceptable period for
the restoration of venous vessels [7, 8, 22, 23]. In
our patient, the time from the moment of injury to
the restoration of arterial and venous blood flow
was 3.5 h. The absence of venous thromboembolic
complications during the intake of therapeutic
doses of anticoagulants helped avoid post-throm-
botic disease in the future.

Continuing bleeding and unstable hemody-
namics are indicative of damage to the main ves-
sel and significant blood loss, which can lead to
the deadly triad [7].

The current principles of injury surgery are
formulated in the concept of “damage control,”
which is the control of bleeding, intensive thera-
py of life-threatening conditions, normalization
and stabilization of the physiological parameters
of the patient, and provision of specialized sur-
gical intervention. In the case of vessel injury,
this concept can be implemented, including us-
ing temporary prosthetics for the main vessels
[7, 24, 25].

In the clinical case presented, a set of meas-
ures aimed at arresting the hemorrhage and
quick resolving of hemorrhagic shock enabled
the prevention of a lethal outcome. Soft vascu-
lar clamps were used during the surgical treat-
ment of the wound. Temporary shunts were not
used in this case because of the possibility of
performing reconstructive surgery in a trauma
hospital. Feliciano noted that with the correct
provision of primary care, timely hospitalization
of the patient in a specialized trauma hospital,
and performing all the possibilities of contempo-
rary surgery, anesthesiology, and intensive care,
the number of amputations for vascular injury in
peacetime does not exceed 7.8% [19].

Diagnostics of vascular injury is based on the
patient’s complaints, anamnesis data, physical
examination, and various instrumental research
methods. Computed angiography is recognized
as the gold standard for examining an individual
with wounds [7, 22, 23]. In the terminal state of
the patient, every second counts, the level, lo-
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cation, and nature of the damage should be as-
sessed intraoperatively.

In the Sverdlovsk Region, vascular surgeons
from the Territorial Center for Disaster Medicine
are involved in assisting patients in trauma hos-
pitals in the case of damage to the main vessels.
In the period from 2015 to 2020, in cooperation
with traumatologists, 240 surgical interventions
were performed in patients with main vessel in-
juries. Since 2020, remote consultations using
telemedicine technologies have been introduced
into the practical activities of the angiosurgical
service. The use of imaging techniques in emer-
gencies enables the collection of the most com-
plete amount of information, assessment of the
real condition of the patient, discussion of the
technical capabilities of the medical institution,
and decision on the need and timing of high-tech
intervention. The evolvement of videoconferenc-
ing allows for initial consultations, postoperative
examinations, case follow-up, and advising of
the operating team by highly specialized doctors.
Telemedicine consultations are widely used in
abdominal and endocrine surgery, traumatology,
and urological practice [26]. However, the availa-
ble literature provides no information on the use
of telemedicine consultations in the treatment of
patients with great vessel injuries.

Any purulent complication is naturally a
cause for concern for doctors due to the risk of
thrombosis, arrosive bleeding, and generaliza-
tion of the infectious process. Mortality in the
event of the development of such complications
can reach 60% [25]. The developed suppuration
of the postoperative wound of the left thigh after
the autovenous graft sampling was diagnosed on
day 10. The focus was drained, and the patient
was treated with a broad-spectrum antibacte-
rial drug, taking into account the microflora
sensitivity.

The clinical case presented once again dem-
onstrates that quality medical care for a patient
with main vessel injury is important at every stage
of treatment, namely, at the injury site, stage of
transportation, and hospital stage. Adequate pri-
mary surgical treatment of the wound; activities
of the competent anesthetic team; use of stand-
ard and nonstandard methods of prosthetics of
the main vessels; prevention, timely diagnostics,
and treatment of complications; and the pa-
tient’s adherence to the treatment prescribed en-

able not only to save lives but also achieve good
long-term results and restore working capacity
after severe damage to the main vessels.

CONCLUSIONS

Awareness of the clinical presentation in the case
of damage to the main vessels and adequate as-
sessment of the severity of the patient’s condi-
tion allow for the selection of the most appropri-
ate surgical approach within the contemporary
scientific ideas about vascular injuries. Thanks to
real-time telemedicine consultations, it is pos-
sible to obtain the most complete information
about the patient, coordinate the management
of the patient before the arrival of the vascular
surgeon, and make a consensus decision on the
required amount of surgical treatment at this
stage. A multidisciplinary approach to providing
care to patients with injuries of the great ves-
sels contributes to the use of a wider range of
reconstructive interventions. When the general
condition of the patient is stabilized, the use of
nonstandard methods for the formation of an au-
tovenous conduit can be considered an alterna-
tive to ligature interventions.
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