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A B S T R A C T

Background: Vasospasm (VS) in microsurgery is a source of surgical complications, repeat operations, stress for
the patient and the surgical team, as well as increased length of stay. Various risk factors have been identified but
knowledge regarding the implicated mechanism remains limited.
Hypothesis: Our objective was to determine if the harvesting conditions for microsurgical toe transfers could
increase the risk of VS. Our secondary objective was to determine the correlation between VS occurrence before
flap division, and the occurrence of vascular complications after completion of vascular anastomoses.
Patients and methods: Primary endpoints were the existence of locoregional anaesthesia of the lower limb, the
Gilbert classification, the nature of the graft taken from the foot, the characteristics of the patients and smoking
status. Our secondary endpoints were the presence of secondary VS or microsurgical failure. This series consists
of 14 toe transfers over a 30-month period. Primary VS was defined as occurring prior to flap division, while
secondary VS occurred after transfer.
Results: In this series, we identified 4 cases of primary VS. The average age of the operated population was 30.6
± 11.2 years (16–58). The patients who presented with primary VS had a mean age of 35.3 ± 16.2 years
(21− 58), with no statistical difference with the other group (p = 0.54). There was a statistically significant
difference between the absence of locoregional anaesthesia and the occurrence of primary VS in toe transfer
(p = 0.0008). Microsurgical failure occurred in 1 case. This failure was linked to the presence of a primary VS.
Gilbert’s classification and type of graft were not predictive of VS (p = 0.15 and p = 0.08, respectively). The
occurrence of secondary VS was statistically linked to the occurrence of primary VS (p = 0.009).
Discussion: The occurrence of VS remains unpredictable and the effectiveness of available treatments is debated
in the literature. Faced with the failure of curative treatments, this study aimed to determine predictive factors
for VS. The existence of secondary VS, when prolonged and non-responsive to conventional measures, can lead to
anastomotic revision. Performing locoregional anaesthesia on the lower limb makes it possible to effectively
combat the occurrence of VS. The absence of primary VS was correlated with an absence of secondary VS and an
absence of microsurgical failure. In addition to controlling vasospasm, regional anaesthesia provides effective
analgesia at the harvesting site.
Level of evidence: IV

1. Introduction

Vasospasm (VS) remain difficult to manage in microsurgery, despite
six decades of experience with this entity in the microsurgical commu-
nity [1,2]. Above all, it remains a diagnosis of exclusion [1]. The absence
of revascularisation of a free transfer or a replanted finger fragment must
initially eliminate a technical cause such as vascular injury, twisted

pedicle, non-permeable suture, or kinking effect [1,3–5]. Thereafter,
general causes (arterial hypotension, hypothermia, use of vasopressors,
etc.) should be identified and treated [6,7]. It is only when all these
causes have been eliminated that the diagnosis of vasospasm can be
made.

The absence of revascularization of a free flap when releasing the
tourniquet, causes an increase in operating time, even in the event of

* Corresponding author.
E-mail address: alban.fouassonchailloux@chu-nantes.fr (A. Fouasson-Chailloux).

Contents lists available at ScienceDirect

Orthopaedics & Traumatology: Surgery & Research
journal homepage: www.sciencedirect.com/journal/orthopaedics-and-

traumatology-surgery-and-research

https://doi.org/10.1016/j.otsr.2024.103966
Received 17 October 2023; Accepted 16 May 2024

mailto:alban.fouassonchailloux@chu-nantes.fr
www.sciencedirect.com/science/journal/18770568
https://www.sciencedirect.com/journal/orthopaedics-and-traumatology-surgery-and-research
https://www.sciencedirect.com/journal/orthopaedics-and-traumatology-surgery-and-research
https://doi.org/10.1016/j.otsr.2024.103966
https://doi.org/10.1016/j.otsr.2024.103966
https://doi.org/10.1016/j.otsr.2024.103966
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2024.103966&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Orthopaedics & Traumatology: Surgery & Research 111 (2025) 103966

2

vasospasm if the surgeon times doesn’t end the operation until the spasm
has ceased. It can be a source of stress for the surgical team and lead to
anastomotic revision [1,8].

In our practice, releasing the tourniquet is a systematic step before
flap division during partial toe transfers. This method makes it possible
to identify possible leaks on the pedicle, thus formally eliminating all
technical errors. Furthermore, this method aims to never divide a flap
with a spasmed pedicle.

Our main objective was to determine the factors favoring the
occurrence of vascular spasms during toe transfer surgery. Our sec-
ondary objective was to determine the correlation between the occur-
rence of vascular spasm before flap division, and the appearance of
complications after making the anastomoses.

2. Materials and methods

2.1. Patients

This single-operator retrospective series is comprised of 14 toe
transfers over a period of 30 months between 2019 and 2021. The
average age was 30.6 ± 11.2 years (16–58), 12 men and 2 women.
These free transfers from the foot were offered to physiologically adult
patients following traumatic sequalae of the fingers.

2.2. Methods

In our practice, partial or total toe grafts are isolated to pedicled
island flaps prior to flap division. The lower limb tourniquet is released
and revascularization of the flap is expected. This method ensures the
absence of vascular wounds, the ligation of all collateral vessels, and the
absence of technical errors. Once the flap is prepared on the recipient
site and the vascular anastomoses performed, the tourniquet is released.
Then, we wait for the flap to be reloaded before considering the end of
the surgical procedure.

2.3. Evaluation methods

Primary VS was defined as appearing before tapering the flap while
VS occurring after completion of the anastomoses were termed sec-
ondary VS.

The occurrence of a primary or secondary VS was considered when

the time to obtain a capillary pulse on the flap was greater than 15 min
after release of the tourniquet, despite control of blood pressure and
temperature. The patient’s temperature was controlled by heating
blankets on the patient’s body and the proximal end of both lower limbs,
combined with thick woven abdominal compresses soaked in physio-
logical saline at 38 ◦C. These compresses were placed on the dorsal and
plantar surfaces of the foot.

The number of primary VS was defined for this entire series ac-
cording to intraoperative findings. Our primary endpoint focused on
identifying a link with the characteristics of our population, being a
current smoker, the Gilbert classification [9] (anatomical description of
arterial variations of the first intermetatarsal space), the type of graft
taken from the foot, as well as the existence of locoregional anesthesia in
the lower limb. The secondary endpoints were the existence of second-
ary VS and the existence of microsurgical failures.

2.4. Statistical analysis

The JMP software (SAS institute) was used to produce the statistics.
Quantitative parameters were provided as means and standard de-
viations, while qualitative parameters were provided as absolute values.
A Fisher’s exact test, with an alpha risk of 0.05, was used for comparison
between groups.

3. Results

3.1. Epidemiological data

For this series of 14 toe transfers, we identified 4 cases of primary VS.
In 10 cases, the flap did not show spasms before flap division (Table 1).

Two women underwent toe transfer surgery and primary VS was
noted in only one case. In men, three cases of primary VS were
identified.

The overall average age of the operated population was 30.6 ± 11.2
years (16–58). The patients who presented with primary VS had a mean
age of 35.3 ± 16.2 years (21− 58), and there was no statistical difference
with the other group (p = 0.54).

A single smoking patient was found in this series and he did not
exhibit a primary VS. There was a statistical link between the absence of
locoregional anesthesia and the occurrence of primary VS of toe transfer
(p = 0.0008). Microsurgical failure was found in 1 case. This failure was
linked to the presence of a primary VS.

3.2. Locoregional anesthesia of the lower limb (LRA)

LRA to the lower limb was performed in 10 cases. When LRA was
performed, no primary VS were identified (Table 1).

3.3. Gilbert’s classification

Gilbert type I was found in 8 cases and it was linked to primary VS in
only 1 case. The only type III identified was linked to primary VS
(Table 1).

3.4. Graft type

Of the 6 transfers completed in accordance with Morrison’s tech-
nique [10], a single case of primary VS was noted. Both meta-
tarsophalangeal transfers underwent primary VS. The 3 proximal
interphalangeal joint transfers did not present primary VS.

3.5. Secondary vascular spasms

The presence of secondary VS after completion of the transfer was
found in 5 cases (Table 2). In 4 cases, they were related to primary VS of
the flap. The occurrence of secondary VS was statistically linked to the

Table 1
Primary endpoints.

SV+ SV− p

Patient characteristics
Sex ratio (M/F) 3/1 9/1 0.51
Mean age ± SD (min-max), years 35.3 ± 16.2

(21− 58)
28.7 ± 8.9
(16− 45)

0.54

Smoker (yes/no) 0/4 1/9 0.99
Loco-regional anesthesia of lower
limb (yes/no)

0/4 10/0 0.0008

Gilbert classification
I 1 7
II 2 3 0.15
III 1 0

Type of graft
1st toe Wrap Around 1 5
2nd toe Wrap Around 0 1
Pulp of 1st toe 0 1 0.08
Ungual 2nd toe 1 0
PIP transfer 0 3
MTP transfer 2 0

SV+: vascular spasms before flap division.
SV− : no vascular spasms before flap division.
PIP: proximal interphalangeal.
MTP: metacarpophalangeal.
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occurrence of primary VS (p = 0.009).

4. Discussion

VS remains a diagnosis of exclusion, where it is necessary to ensure
the absence of technical errors and/or a flap loss of load [1,3–5]. These
technical errors could be a non-permeable anastomosis, an arterial
thrombosis, a suture under tension, a kinking effect, a twisted pedicle, a
leaky anastomosis, a vascular wound, or a loss of load on non-ligated
collaterals. Verifying for these situations, and treating them is recom-
mended, as well as managing blood pressure and temperature control as
necessary [6,7].

Despite the monitoring these parameters, the occurrence of VS is still
observed [1,2]. It is in this context that vasodilators in the form of local
topical agents are used. However, the results of these local agents remain
highly debated in the literature [2,8,11]. Proof of their effectiveness as
well as the superiority of topical treatments to each other, or to general
measures or even to surgical revision, has never been provided [2,8,11].

Furthermore, it may be more logical to propose a solution that pre-
vents VS, as opposed to seeking curative treatments which are still
debated in terms of their effectiveness. In addition to this, the occur-
rence of VS in microsurgery remains unpredictable, as does the effec-
tiveness of the different treatments accumulated in the therapeutic
armamentarium of microsurgeons [1,2,6–8]. It is in this context that we
questioned the existence of a link between primary VS and the appear-
ance of secondary VS, as well as the factors favoring primary VS.

In this series of 14 toe samples, four primary VS were identified.
Epidemiological criteria or the existence of smoking did not make it
possible to identify predictive factors for primary VS, although age is a
recognized risk factor for spasms [12,13]. Smoking tobacco is an iden-
tified risk factor for vasospasms however it was not identified as an
implicated factor in this series [14,15].

The provision of locoregional anesthesia to the lower limb has been
identified as a protective factor for the occurrence of primary VS.
Anesthetic substances significantly reduce the occurrence of primary VS
through a dual action at the level of the sympathetic nervous system, but
also the smooth muscles of the arterial wall (tunica media) [6,16–18].
The use of anesthetic distal nerve blocks, particularly at the ankle in this
setting, ensure this double action given the proximity of the
vascular-nervous elements to the posterior tibial pedicle. The significant
benefit of a distal anesthetic block is the lower risk neurotoxicity given
the smaller volume of anesthetic substances [19].

In our experience, the time for revascularization of the pedicled is-
land flap before division, was instantaneous or reduced to a few minutes
when an LRA had been performed on the lower limb.

The type of graft does not seem to influence the appearance of pri-
mary VS. However, both metatarsophalangeal grafts spasmed. This
could be explained by the more technical characteristic of these grafts,
which perhaps require more traction on the pedicle. Although, it re-
mains difficult to draw conclusions from only two cases.

In the same sense, the vascular variation of the dorsal intermetatarsal
artery as per Gilbert’s classification, does not seem to influence the
occurrence of primary VS. It might seem logical to implicate Gilbert
stage III as predisposing to primary VS. However, the low proportion of
stage III identified does not allow conclusions to be drawn. When

presented with this vascular arrangement, the dissection of the plantar
metatarsal artery was systematically terminated at the level of the
intermetatarsal ligament. This chosen method could have influenced the
results observed.

Finally, it appears that the occurrence of primary VS influences the
surgical outcomes. The presence of secondary VS is statistically associ-
ated to the presence of primary VS. It is specifically these secondary VS
which are responsible for an increase in the operating time and therefore
in the length of stay, particularly for surgeons who wish to observe the
revascularization of the transfer before considering leaving the oper-
ating room and transferring the patient to the hospitalization unit.

The secondary VS, when prolonged, can lead to anastomotic revision
[8]. These iterative manipulations only worsen the present VS [20]. The
only microsurgical failure obtained in this series occurred following
both primary VS and secondary VS, that were difficult to resolve.

Our work has certain limitations. Indeed, the results should be
judiciously considered since this is a small series, thus hindering the
deduction of formal conclusions. However, there was no missing data
concerning our evaluation parameters, which allowed us to observe
certain trends to be confirmed in larger studies. Furthermore, our results
were generated from a sole particularly experienced surgeon, which
should be considered in the analysis since the learning curve in micro-
surgery can be particularly long, even if condensed learning based on
immediate repetition of the exercises helps speed up the process [21]. In
addition, our data are specific to grafts taken from the foot, while spasms
are not observed on the proximal or central parts of the limb [22–24].

5. Conclusion

The use of locoregional anesthesia in the lower limb seems to reduce
the appearance of primary VS when taking toe transfers. Furthermore,
LRA doesn’t simply help limit vasospasms, but also helps diminish
postoperative pain. The occurrence of secondary VS appears to be
associated to the presence of primary VS.

Performing LRA on the lower limb, ideally in the form of a distal
ankle block, may reduce the occurrence of primary and secondary VS.
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Table 2
Secondary endpoints.

SV+ SV− p Total

Secondary SV (yes/no) 4/0 1/9 0.009 5/9
Microsurgical failure (yes/no) 1/0 0/13 0.07 1/13

SV+: vascular spasms before flap division.
SV− : no vascular spasms before flap division.
Secondary VS: vascular spasms after flap transfer and loading.
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