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The 8-year long civil war in Syria led to the complete collapse 
of the local healthcare system. According to several Unit-

ed Nations reports, by the end of 2017, more than 12.8 million 
people were in need of medical assistance [1,2]. Under these 
conditions, numerous Syrian citizens, many of them severely 
wounded, sought medical care across the Israeli border [3]. 

The majority of these patients were treated at the Galilee Medi-
cal Center, in northern Israel. 

Over 75% of war injuries are to the extremities and up to 
30% of the injuries to the extremities are peripheral nerve in-
juries (PNIs) [4-6]. These injuries occur either directly, when 
a penetrating projectile contacts the nerve, or indirectly due to 
heat and shockwave damage to the tissue [5]. While some in-
juries might improve spontaneously, the majority will require 
surgical treatment [5,6].

As warfare technology advances, the patterns of injuries sus-
tained in war change accordingly. In this study we report the 
epidemiology of peripheral nerve injuries in modern conflicts as 
reflected in the civil war in Syria and our unique experience in 
treating such injuries in the challenging population crossing the 
border to seek medical care. 

PATIENTS AND METHODS

This study was approved by the Galilee Medical Center insti-
tution review board. Data were retrospectively collected from 
medical records of 98 successive wounded Syrian patients 
who sustained limb injuries and were referred to the hand sur-
gery unit of the department of orthopedic surgery and trauma-
tology at Galilee Medical Center between December 2014 and 
June 2018. 

Patient’s demographics, time from injury to presentation, in-
jury pattern, additional injuries, surgical findings and manage-
ment, bacterial growth from wounds, and length of hospital stay 
were extracted from medical records. For patients who received 
medical attention before crossing the border, recoding of previ-
ous procedure was completed when possible.

Additional injuries to the head region and torso were de-
scribed as well as injuries of the ipsilateral limb. During surgery, 
injuries were further classified by the International Committee 
of the Red Cross Wound Score (RCWS) [7].

Nerve lesions were classified according to Seddon’s 
method [8]. The classification was performed by combining 
clinical findings with surgical observations. Nerves that looked 
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term outcomes. 

  Methods: A retrospective case series study was conducted on 

45 consecutive patients aged 25.7 ± 9.3 years. These patients 

were referred to the hand surgery unit of the department of 

orthopedic surgery and traumatology at Galilee Medical Center 

between December 2014 and June 2018. Median time between 

injury and presentation was 60 days. Injury pattern, additional 

injuries, surgical findings and management, complications, and 

length of hospital stay were extracted from medical records.

  Results: Most injuries were blast (55.6%) followed by gunshot 

injuries (37.8%). There were 9 brachial plexus injuries, 9 sciat-

ic nerve injuries, and 38 PNIs distal to the plexus: specifically 

20 ulnar, 11 median, and 7 radial nerve injuries. In the latter 

group, neurotmesis or axonotmesis was found in 29 nerves. 

Coaptation was possible in 21 nerves necessitating cable 

grafting in 19. A tendon transfer was performed for 13 periph-

eral nerves, occasionally supplementing the nerve repair. The 

patients returned to their country after discharge, average fol-

low-up was 53.6 ± 49.6 days.

  Conclusions: For nerve injuries sustained in war, early surgical 

treatment providing adequate soft tissue conditions is recom-

mended. Tendon transfers are useful to regain early function.
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intact on visual inspection but had no function were classified 
as neuropraxia. Partial thickness nerve injuries in which at least 
some remaining healthy fascicles were observed crossing the 
lesion, were classified as axonotmesis. Complete nerve injuries 
were defined as neurotmesis. In addition, nerve lesions were 
classified according to Birch et al. [9] who simplifies peripher-
al nerve injury classification into two categories: degenerative 
(i.e., axonotmesis) and non-degenerative (mainly as persistent 
conduction block).

Since crossing the border was fraught with difficulties for 
these patients and there was little hope they could return for 
outpatient care after the initial surgical treatment, the patients 
were admitted for as long as necessary to reconstruct a func-
tional limb, including a rehabilitation program. At the end of 
treatment, the patients were discharged and returned to Syria.

RESULTS

We identified 45 patients with peripheral nerve injuries, 42 
males and three females, the mean age was 25.7± 9.3 years 
(range 7–52 years). The median time between injury and 
presentation was 60 days (mean 140.7 ± 204.3, range 2 days 
to 3 years) and the average in-hospital follow-up was 53.6 
± 49.6 days (range 6–248 days). Four patients returned to 
the hospital following discharge, three for additional related 
procedures and one for an unrelated medical cause. For two 
additional patients video footage demonstrating limb function 
was sent from Syria and was available for review. For these 
six patients, the total follow-up duration was 13.3 ± 4 months 
(303–637 days). 

SEVERITY OF INJURIES

Most injuries were blast (25) and gunshot injuries (17). 
The remaining were the result of a motor vehicle accident 
(two) and of an unsuccessful ulnar nerve grafting performed 
elsewhere (one). Seventeen patients presented with multiple 
systemic injuries [Table 1]. Twenty-eight patients presented 
with isolated limb trauma, mostly the upper limb (21 patients).

Associated injuries in the ipsilateral upper limbs are de-
scribed in Table 1. Thirteen patients had additional bone injury, 
eight presented with vascular injury and seven with extensive 
soft tissue damage. The Red Cross Wound Entry Transfer was 
used to further grade the injuries; four patients had sustained 
a grade 1 (low energy) injury, and three patients had a grade 
3 (massive energy transfer) injury grade. As most patients pre-
sented more than 14 days following injury, and some following 
initial surgical intervention in Syria, we were only able to clas-
sify seven patients according to the RCWS. 

The distribution of the nerve injuries was as follows: in the 
upper limb, nine patients had brachial plexus injuries, and 27 
patients had 38 peripheral upper limb nerves injuries. In the 
lower limb, nine patients had sciatic nerve injuries.

Table 1. Associated systemic injuries and injuries to the ipsilateral 
limb

Associated injuries Number of patients

Associated systemic injuries*

Thoracic injuries 9

Head trauma 5

Facial fractures and eye injuries 4

Abdominal trauma 3

Pelvic trauma (including perineum 
and buttocks) 3

Sepsis 2

Vascular injury 2 critical, 6 noncritical

Acute renal failure 1

Spinal fracture 1

Upper limb fracture** 21

Lower limb fracture** 10

Penetrating neck injury 1

Burns 2

Associated ipsilateral limb injuries

Bone 

Fractures of ulna/
radius 6 (2 with segmental fractures)

Fractures of 
humerus 5 (3 with segmental fractures)

Ankylosis elbow 1

Radioulnar 
synostosis 1

Vascular

Noncritical radial or 
ulnar artery lesion 5

Critical brachial 1

Critical radial and 
ulnar 1

Soft tissue 
defect

Forearm 3

Arm 2

Loss of fifth ray 1

Infection Infection deep to the 
fascia  6 (including osteomyelitis in 1)

*A single patient could have presented with several injuries 
**Several injuries in the same limb segment were counted as one 
(e.g., ulna and radius fractures or tibia and fibula fracture or several 
hand bones fractures due to crush). Fracture of different segments, 
such as arm and forearm, were considered different fractures. 
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TREATMENT

Forty-four patients were treated surgically: 27 underwent a sin-
gle surgical procedure for exploration and treatment of the nerve 
injuries. Seventeen patients underwent multiple procedures 
(mean 4.1 ± 2.1, range 2–8) when wound debridement, fracture 
fixation, and soft tissue flap coverage were needed before the 
nerve repair. One patient was treated non-surgically.

BRACHIAL PLEXUS INJURIES

Patients who presented with brachial plexus injuries were 
treated within 236.1 ± 124 days from the injury (range 30–480) 
[Table 2]. Three patients underwent tendon transfers, three un-
derwent neurotization, one neurolysis, and one nerve repair 
with sural nerve cable grafts. The last patient was a 12-year-
old boy who sustained a gunshot injury that ruptured his sub-
clavian artery and vein and caused an infraclavicular medial 
and lateral cord injury. The patient was operated initially in 
Syria, his medial clavicle was removed, and the subclavian 
artery and vein were ligated. With a rehabilitation program the 
patient regained motor grade +3/5function of his shoulder and 
elbow early after the injury, and we decided against an inter-
vention. We had a long-term follow-up for only one patient 
who sustained a blast injury and had a C6-T1 plexus injury. 
At exploration the nerves were found to be continuous and a 
neurolysis was performed. By eight months post operatively 
he demonstrated a good 4/5 elbow function in a short video he 
sent for the follow-up. 

PERIPHERAL UPPER LIMB INJURIES

Upper limb PNIs distal to the plexus were treated on an average 
of 145.8 ± 243.6 days from the injury (range 2 days to 3 years). 
Twenty-seven patients were treated for 38 complete upper limb 
peripheral nerve injuries, specifically 20 ulnar (8 high and 
12 low), 11 median (4 high and 7 low), and 7 radial (4 high 
and 3 low) nerve injuries. Five nerves were considered unre-
pairable, either due to the local soft tissue conditions or the time 
from injury. In those cases, we proceeded directly with tendon 
transfers. Thirty-three nerves were explored. The findings are 
described in Table 3.

SCIATIC NERVE INJURIES

Nine patients presented with sciatic nerve injuries, three in the 
level of the buttocks and six in the thigh. Four patients had re-
sidual tibial division function (weak foot or finger flexion 3/5) at 
presentation. No patient had any function in the peroneal division. 

All lower limb injuries were treated surgically, 58.4 ± 49.5 days 
from the injury (range 4–150 days). Of the nine lower limb inju-
ries, four were found to be complete transections (neurotmesis) and 
three partial injuries (axonotmesis). Two nerves were found to be 
continuous during surgery (neuropraxia).. Treatment included graft 
coaptations of the entire nerve or of the specific disrupted fasci-
cles in seven patients and neurolysis in two patients. None of the 
patients with a residual motor function deteriorated after surgery. 
Four patients, two with neuropraxia and two with axonotmesis, had 
a minor improvement of 2/5 in additional tibial innervated muscles 

Table 2. Treatment modalities for brachial plexus injuries

Patient Age Pattern Time to treat (days) Treatment Details

SA 38 C5-C7 420 Tendon Transfer 
- Inferior trapezius to infraspinatus
- Unipolar trapezius to biceps
- FCU to ECRB passive pinch

HI 31 C8-T1 360 Tendon Transfer - FDS opponensplasty
- Zancoli passive claw

MS 19 Infraclavicular 248 Tendon Transfer - FCR to ECRB
- House I passive pinch

HA 20 Infraclavicular 150 Cable Grafting - Ulnar nerve
- Median nerve

MA 20 C5-C6 70 Neurotization and neurolysis Spinal accessory to supraspinatus

BB 20 C5-C7 320 Neurotization - Spinal accessory to supraspinatus
- Oberlin Transfer

RA 21 Pan-plexus 210 Neurotization - Spinal accessory to supraspinatus
- Intercostals to musculocutaneous

HH 32 C6-T1 111 Neurolysis

AKM 12 C5-T1 Physiotherapy

FCU = flexor carpi ulnaris, ECRB = extensor carpi radialis brevis, FDS = flexor digitorum superficialis, FCR = flexor carpi radialis
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a few days after the procedure. We had long-term follow-up for 
one patient with neuropraxia who underwent neurolysis and had 
improved to 4/5 sciatic nerve function one year after the procedure.

INFECTIONS

Seventeen of the 45 patients, mainly the multi-trauma patients, 
were treated for infections in various sites during their admission. 
The bacterial flora isolated in these patients included multiple drug 
resistant bacteria such MRSA and multi drug resistant gram-neg-
ative roods such as Acinetobacter baumannii, Klebsiella pneumo-
nia, or Pseudomonas Aeruginosa Only four patients were treated 
for an infection at the site of the nerve injury before the operation. 

COMPLICATIONS

We lost three nerve repairs to infections. All cases were complex 
and all patients underwent multiple procedures before the nerve 
repair including multiple debridements, a free fibula graft, a groin 
flap, and tendon transfers due to soft tissue loss. We were able to 
redo a median nerve repair in one patient. A second was treated 
with tendon transfers. A third with a high ulnar palsy declined an 
additional procedure given the risk of recurrent infection. 

REOPERATIONS

Three patients underwent revisions. The first presented 4 months 
following a blast injury at the level of the elbow, with ulnar nerve 
injury. He was initially treated with a combined coaptation of the 
ulnar nerve and neurotization of the anterior interosseous nerve to 
the ulnar motor branch at the wrist. While his hypothenar muscles 
did not become atrophic, clawing remained, and one year later 
an additional tendon transfer was performed. The second patient 
presented 37 days after sustaining a gunshot wound to the elbow. 
He had complete ulnar nerve palsy and incomplete median nerve 
palsy. While the median nerve improved without intervention, 
cable grafting was used for the ulnar nerve. Seven months later 
he returned with an abscess at the surgical site. As ulnar function 
had not recovered, a debridement and tendon transfer were per-
formed. The last patient presented 12 days following a gunshot 
wound to the arm with median nerve and a non-critical brachi-

al artery injury. The initial exploration showed a partial median 
nerve injury and the transected fascicles were repaired with an 
interposition graft. The artery was repaired with a reverse saphe-
nous vein graft. One year later there was only minimal anterior 
interosseous nerve (AIN) function and a revision was performed, 
including flexor policis longus shortening and a tendon transfer 
(FDP four–five to FDP two–three). 

DISCUSSION

We present the epidemiology of peripheral nerve injuries in 45 
consecutive patients injured in the Syrian civil war. Nearly half 
of the patients had additional major injuries to other organ sys-
tems. Most limb injuries were high grade, the majority were in 
the upper limb. PNI treatment included neurolyses, nerve coap-
tations, the majority necessitating cable grafting, neurotizations 
and tendon transfers. 

The prevalence of peripheral nerve injuries in our cohort is 
similar to the outcomes described by Razaq et al. in Pakistan [10], 
yet some diversity in specific PNIs exist [6,11,12]. This variety 
might be the result of similar injury mechanism in all studies, 
as blast injuries were the main cause of trauma in most groups 
[6,10,12], followed by gunshot wounds [10,11]. Generally, dif-
ferences in prevalence can be explained by local warfare pref-
erences, patterns of referral, and by conditions causing delay in 
patient transportation, as patients who present with delay have 
a higher chance of being amputated in proximity to the injury 
prior to the medical transfer to a tertiary facility [13,14].

El Hajj Abdallah and colleagues [11] described neurological 
injuries caused by the Syrian civil war, as observed in a reha-
bilitation center near the Turkish and Syrian border. The authors 
also described peripheral nerve injuries to be the most common 
neurological injury. Like our situation, the authors were also un-
able to follow their patients after discharge, as Syria is a combat 
zone with limited resources. In our study, however, we could 
increase accuracy of the reported injuries by provide intraopera-
tive findings as opposed to clinical examinations and electromy-
ographys. We could also report the short-term surgical outcomes 
to add to the information obtained in the previous study.

We have divided our patients to three main groups of nerve 
injuries, peripheral nerve injuries, brachial plexus injuries and 
sciatic nerve injuries.

In our study, for the PNI group, nerve repair was attempted 
when bone and soft tissue could support such treatments. To 
achieve optimal conditions, bone stabilization and recurrent 
debridements were often performed, and flaps were used when 
tissue coverage did not suffice. Only a few nerves were treated 
with direct suture repair in our series, like others who reported 
14% direct nerve repairs [5,15], while most coaptations required 
nerve grafts. This result is related to the delayed presentation of 
the patients who were required to flee the war zone in Syria and 
cross the border prior to receiving treatment at our hospitals. We 

Table 3. Peripheral nerve injuries

Explored 
nerves 

Findings at exploration Diagnosis Treatment

9 Normal epineurium Neuropraxia Neurolysis

3 Fibrotic over a long segment Neurotmesis Tendon transfers

2 Well established complete 
neuroma Neurotmesis Coaptation with cable 

grafts

5
Damaged epineurium with 
partial fascicular injury at 
exploration

Axonotmesis
Coaptation and cable 
grafting of the involved 
fascicles

14 Nerve ruptured with a gap Neurotmesis Coaptation with cable 
grafts
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are aware that the prolong duration that elapsed between injury 
and presentation did not affect solely the treatment strategy, as 
primary nerve repair was often unfeasible, but could have also 
influenced outcomes. If routine follow-up was possible, some 
patients would have probably required additional surgery, such 
as secondary tendon transfers.

The expected limited rehabilitation and lack of future fol-
low-up influenced the choice of treatment, encouraging tendon 
transfers over neurotization, as results are more reliable and pre-
dictable and recovery time is shorter [16]. In five patients who 
presented either too late or when the soft tissue damage was 
too extensive, we skipped the nerve exploration and performed 
primary tendon transfers. In other patients, when the expected 
time to recovery after nerve coaptation was expected to be pro-
longed, we performed secondary tendon transfers together with 
the nerve repairs, using Bruckhalter’s internal splinting for radi-
al nerve, and EIP opponensplasty and claw hand repairs for high 
median and ulnar nerves. The aim was to provide early function 

with the tendon transfers and hope that this function will im-
prove gradually as the nerve recovers. Neurotization of AIN to 
the ulnar motor branch could have been used more often as a su-
percharging technique in patients with isolated high ulnar nerve 
injuries, and today we use the technique routinely in these cases.

For PNI, we recommend early exploration even when the 
injury was the result of a gunshot wound or a blast, as new in-
juries are easier to mend before scars and neuromas are formed. 
In this study we found that 29 of the 38 nerves (76%) were 
ruptured or had severe axonal injury at exploration leading to 
the conclusion that the chance of spontaneous recovery is low 
and prolonged waiting is unnecessary. We also found that even 
in the early days following the trauma, one can assess wheth-
er the nerve is intact or not by exploring it. If the epineurium 
was breached even minimally by the projectile or the blast, we 
opened it and explored the fascicles. Visual inspection provided 
information about the extent of injury and in several cases, we 
debrided and repaired only the torn fascicles [Figures 1A-1F]. 

Figure 1. A 25-year-old patient, presented 2 days following a gunshot Injury to his arm. Initially, exploration demonstrated a presumably intact 
median nerve, yet a profound exploration has revealed an extensive injury to the fascicles, treated with interposition grafting. 
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were ruptured
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Gunshot wound 
to the arm
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sensation and 
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Brachial plexus injuries were noted in nine patients, eight of 
which underwent surgery. Generally, due to the delay presen-
tation of most patients (311 ± 84 days), we used neurotizations 
when repairs weren’t feasible believing they may provide func-
tion or enable a better choice of tendon transfers in the future. 
When it was possible, we performed tendon transfers opting for 
early function as being essential for patients returning to a coun-
try with no medical services to speak of. 

A similar rate of sciatic nerve injuries was noted in our study 
as well as that of Razaq et al. in Pakistan [10]: approximately 
16%. All of our patients who presented with sciatic nerve in-
juries were treated surgically. As the sciatic nerve is large, we 
found a partial injury in three nerves. In these three patients and 
in two patients with an intact nerve, we believe that a compo-
nent of conduction block was common, since they showed mi-
nor improvements as early as days after surgery. None demon-
strated neurological deterioration following surgery. Therefore, 
we recommend early exploration for this injury as well. 

The average admission length in this cohort was 53 days and 
up to six months in severely injured patients. A significant factor 
in these circumstances was to balance the medical needs such 
as controlling infections and obtaining tissue equilibrium for 
nerve repairs with the patients' desire to return to their families 
as soon as possible, all this while healing and obtaining useful 
hand function. In order to shorten their admission time, patients 
worked closely with occupational therapists and physiothera-
pists to reduce the tissue swelling improve the range of motion 
as we tried to diminish the time between procedures to the mini-
mum. We also used the admission time for rehabilitation and the 
patients were thought how to perform ADL and advanced ADL 
at their current functioning level and in face of the expected 
nerve deficiency. 

LIMITATIONS

Follow-up duration was short and did not continue after dis-
charge, yet hospitalization was long and allowed for some re-
habilitation and follow-up. Second, as only the patients who 
were able to cross the border in seek of medical attention were 
reviewed, our data does not represent the more severely in-
jured patients who were unable to endure the journey. Finally, 
considering the severity of the trauma to the affected limbs, 
and the additional soft tissue, vascular, and bone injuries, it 
seems surprising that only three patients underwent revision 
surgeries. However, this finding could be misleading due to 
the follow-up bias.

Wartime crossing of international borders for medical care 
presents unique challenges to both caregiver and patient. Lan-
guage and religious barriers, lack of crucial medical history, in-
ability to follow patients after discharge, lack of communication 
with future medical service providers, and above all lack of fam-
ily support require re-thinking and preplanning of treatment to 
better accommodate these unusual circumstances [17,18].

CONCLUSIONS

This study describes our unique approach and experience with 
peripheral nerve injuries in the Syrian civil war cross-border 
patients. Most patients presented with delay, had multi-organ-
ism infections and inadequate pre-admission treatment with no 
medical history or documentation. We found that with surgical 
intervention the complication rate was low and none of our pa-
tients deteriorated neurologically following surgery. In an attempt 
to balance the need to return the patients as soon as possible to 
their friends and families with the understanding this is a "one 
shot" hospitalization that needs to include all interventions, we 
performed nerve repairs and coaptations when indicated and opt-
ed for tendon transfers when we considered the chances of nerve 
recovery to be low. We believe that early nerve surgery is easier 
and that operating on gunshot and blast wounds early improves 
outcomes, providing that the soft tissue conditions are reasonable. 
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Capsule

Developing an immunotherapy for AD

Hyperphosphorylated tau aggregates contribute to 
neurodegeneration in patients with Alzheimer's disease (AD), 
and reducing tau accumulation has had therapeutic effects 
in preclinical models. Ayalon and colleagues generated 
and characterized a humanized anti-tau monoclonal 
antibody called semorinemab, which they tested in mice and 
nonhuman primates and in a phase 1 clinical trial in humans. 
Semorinemab was able to bind all six human tau isoforms 

and had therapeutic effects in vivo in AD mice by reducing 
tau accumulation. In patients with AD, semorinemab crossed 
the blood-brain barrier and showed evidence of target 
engagement without evident side effects. These results 
support the idea that immunotherapies targeting tau might 
be effective in reducing tau pathology in AD.

Sci Transl Med 2021; 13: eabb2639 
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Building back colonic crypts

Restoration of the colonic epithelium after mucosal injury 
depends on cell renewal initiated by intestinal stem cells 
(ISCs) and their progeny. Stromal cells near the base 
of colonic crypts secrete trophic factors for ISCs, but 
regulation of this process by proinflammatory mediators 
is not well understood. Cox and co-authors used mouse 
models of pathogen- or chemical-induced epithelial 
damage to investigate the contribution of interleukin-1 
(IL-1) and its receptor (IL-1R1) to epithelial restitution. 

IL-1 release set off a signaling pathway supporting 
ISC renewal and proliferation and promoted innate 
lymphoid cell production of IL-22, a cytokine supporting 
colonocyte proliferation. These findings illustrate the 
need to consider the desirable regenerative properties of 
IL-1 when designing therapeutic approaches for chronic 
inflammatory diseases.

Sci Immunol 2021; 6: eabe8856 
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Resistance of SARS-CoV-2 variants to neutralization by monoclonal and serum-
derived polyclonal antibodies

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has caused the global COVID-19 pandemic. 
Rapidly spreading SARS-CoV-2 variants may jeopardize 
newly introduced antibody and vaccine countermeasures. 
Using monoclonal antibodies (mAbs), animal immune 
sera, human convalescent sera and human sera from 
recipients of the BNT162b2 mRNA vaccine, Chen et al. 
reported the impact on antibody neutralization of a panel 
of authentic SARS-CoV-2 variants including a B.1.1.7 
isolate, chimeric strains with South African or Brazilian 
spike genes and isogenic recombinant viral variants. Many 
highly neutralizing mAbs engaging the receptor-binding 

domain or N-terminal domain and most convalescent sera 
and mRNA vaccine-induced immune sera showed reduced 
inhibitory activity against viruses containing an E484K 
spike mutation. As antibodies binding to spike receptor-
binding domain and N-terminal domain demonstrate 
diminished neutralization potency in vitro against some 
emerging variants, updated mAb cocktails targeting highly 
conserved regions, enhancement of mAb potency or 
adjustments to the spike sequences of vaccines may be 
needed to prevent loss of protection in vivo.
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