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To the Editor:
We read with interest the recent article by Singh et al.1 We 
place many brachial artery catheters in our practice and find 
them useful.

It would be interesting to know whether ultrasound guid-
ance was used for some or all of the brachial artery arte-
rial catheterizations reported by Singh et al.1 Ultrasound 
guidance has been shown to reduce the complications from 
femoral artery access performed for cardiology and vascular 
surgery interventions.2,3 The same might be true for brachial 
catheterization.

It would also be interesting to know what infection-pre-
vention measures were taken by Singh et al.1 in the context of 
the infection rate (0.04%) they report. The Centers for Dis-
ease Control and Prevention recommends that the infection-
prevention measures taken for arterial catheterization should 
be similar to those for central venous catheters,4 although 
anecdotally it appears that in many anesthesia practice set-
tings, arterial catheterization is performed without all of the 
recommended precautions.

Despite documenting a relatively low rate of vascular 
complications of brachial artery catheters, Singh et al.1 state, 
“…forearm and hand perfusion via collaterals usually is 
insufficient if acute occlusion of the brachial artery occurs.” 
There is a common notion that the brachial artery lacks 
effective collaterals, but is it correct? Wong et al.5 reviewed 
the angiographic anatomy and concluded that “routes of col-
lateral flow enable the distal extremity to be perfused even in 
the face of brachial artery laceration, thrombosis, or external 
compression.”

Anecdotal reports tend to support the conclusion of 
Wong et al.5 Schanzer et al.6 reported a series of 21 patients 
in whom the brachial artery was deliberately ligated in 
the treatment of infected arteriovenous dialysis grafts. No 
patients suffered ischemic complications. Wolfswinkel et al.7 
reported a case of a 6-yr-old child with a supracondylar 
humeral fracture that resulted in complete brachial artery 
transection. The patient’s hand remained pink and well per-
fused, and angiograms shown in this report demonstrated 
the collateral circulation around the transected artery. There 
are other reports of supracondylar humerus fractures with 
interruption of the brachial artery, suggesting that the collat-
eral circulation may be adequate to prevent hand ischemia.8

If there is adequate collateral circulation to prevent isch-
emia with brachial occlusion, what is the mechanism of isch-
emic complications after brachial artery catheterization, as 
affected 33 of 21,597 of the patients (0.15%) reported by 
Singh et al.1? It is important to distinguish between embolic 

and purely local thrombotic events at the catheter site. This is 
because embolic events may result in impaired flow in multi-
ple vessels and may impair collateral vessel flow as well as flow 
in the index vessel, whether radial or brachial. In the setting 
of emboli, the arterial catheter may be a contributing factor in 
producing ischemia or may simply be an innocent bystander.

Embolic events may be difficult to recognize. The near 
simultaneous appearance of ischemia in multiple vascu-
lar beds is suggestive that embolization has occurred. For 
example, Lee et al.9 reported a case of simultaneous embolic 
occlusion of brachial and cerebral arteries, resulting in a 
stroke and limb ischemia (there was no brachial artery cath-
eter in this case).

It is impossible to know how many of the cases of isch-
emia in the report by Singh et al.1 were due to embolic 
events; however, given that many of the patients were very 
sick, it seems likely that many were embolic. Patients with 
brachial artery complications had prolonged hospital stays, 
greater in-hospital mortality, and a “much greater incidence 
of severe life-threatening postoperative complications, 
including cardiac arrest, kidney injury requiring dialysis, 
multiorgan failure, and use of extracorporeal membrane oxy-
genation for severe cardiac or pulmonary failure.”1

Singh et al.1 have identified an incidence of ischemic 
complications of brachial artery catheterization that is simi-
lar to radial artery catheterization.10 We believe this should 
cause reexamination of the common notion that the brachial 
artery lacks effective collateral circulation.
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brachial artery occlusion in all patients is uncertain. It is 
possible that an adequate collateral circulation may have 
allowed a brachial arterial injury to remain undetected in 
some patients. However, multiple reports document hand 
ischemia as a result of reduced brachial arterial flow with 
inadequate collateral circulation, including patients suf-
fering from supracondylar fracture with brachial arterial 
injury5 and after creation of a brachial-cephalic/basilic fis-
tula,6,7 thus providing evidence that collateral circulation is 
not adequate in all patients. Later development of adequate 
collaterals in patients with arteriovenous fistulas explains 
why some patients tolerate brachial arterial ligation,8,9 
although similar conditions do not occur in most elective 
cardiac surgical patients.

Although injury to the arterial wall during cannulation 
may create conditions conducive to thrombus formation,10 
acute occlusion of the brachial artery may occur as a result of 
thrombus or emboli. It is thus unclear whether the collateral 
circulation was compromised in patients with an ischemic 
upper limb due to multiple emboli or whether its anatomical 
distribution was insufficient. Nevertheless, our data docu-
ment that a thrombectomy of an occluded brachial artery 
restored perfusion to the hand and that the collateral circula-
tion was inadequate in 18 patients.1

Competing Interests
The authors declare no competing interests. 

Asha Singh, M.D., Brett J. Wakefield, M.D., Andra E. 
 Duncan, M.D., M.S. Anesthesiology Institute, Cleveland 
Clinic, Cleveland, Ohio (A.E.D.). DUNCANA@ccf.org 

References
 1. Singh A, Bahadorani B, Wakefield BJ, Makarova N, Kumar 

PA, Tong MZ, Sessler DI, Duncan AE: Brachial arterial pres-
sure monitoring during cardiac surgery rarely causes compli-
cations. ANESTHESIOLOGY 2017; 126:1065–76

 2. Centers for Disease Control and Prevention: Guidelines for 
the Prevention of Intravascular Catheter-Related Infections, 
2011. Available at: https://www.cdc.gov/infectioncontrol/
guidelines/BSI/index.html. Accessed December 6, 2017

 3. Koh DB, Gowardman JR, Rickard CM, Robertson IK, Brown 
A: Prospective study of peripheral arterial catheter infection 
and comparison with concurrently sited central venous cath-
eters. Crit Care Med 2008; 36:397–402

 4. Wong VW, Katz RD, Higgins JP: Interpretation of upper 
extremity arteriography: Vascular anatomy and pathology 
[published correction appears in Hand Clin 2015; 31:xv]. 
Hand Clin 2015; 31:121–34

 5. Benedetti Valentini M, Martinelli O, Irace L, Di Giulio L, 
Ippolito E, Benedetti Valentini F: Vascular injuries in supra-
condylar humeral fracture: An active approach to diagnosis 
and treatment. Int Angiol 2014; 33:540–6

 6. Misskey J, Yang C, MacDonald S, Baxter K, Hsiang Y: A com-
parison of revision using distal inflow and distal revascu-
larization-interval ligation for the management of severe 
access-related hand ischemia. J Vasc Surg 2016; 63:1574–81

 7. Papasavas PK, Reifsnyder T, Birdas TJ, Caushaj PF, Leers S: 
Prediction of arteriovenous access steal syndrome utiliz-
ing digital pressure measurements. Vasc Endovascular Surg 
2003; 37:179–84

In Reply:
We thank Drs. Bowdle and Sheu for their interest and 
thoughtful comments on our recent article,1 which reported 
a low risk of complications from intraarterial brachial pres-
sure monitoring during cardiac surgery.

Although use of ultrasound is increasing, we typically 
use direct palpation of the brachial arterial pulse for our first 
attempt at arterial catheter insertion. Ultrasound for vascular 
cannulation was not available during the early years of our 
study period, and our current practice reserves this technol-
ogy for difficult arterial cannulation. It is possible, however, 
that increasing use of ultrasound may lower the rate of com-
plications even further than our initial report.

We follow guidelines established by the Centers for Dis-
ease Control2 to prevent intravascular catheter-related infec-
tions. Our standard practice includes proper hand hygiene 
and aseptic technique, preparation of clean skin with a more 
than 0.5% chlorhexidine preparation with alcohol, use of 
sterile gloves and drape, and a sterile, transparent, semiper-
meable dressing to cover the catheter site. Appropriate ster-
ile dressing regimens are continued postoperatively by the 
nursing staff. Nonetheless, our low incidence of infection 
was likely overestimated because we conservatively reported 
bloodstream infections as “possibly associated” with brachial 
arterial catheterization, although the more likely cause was 
an infection related to a coexisting central venous catheter.3

We appreciate the suggestion from Drs. Bowdle and 
Sheu that an adequate collateral circulation may explain 
the low rate of brachial artery complications leading to 
hand ischemia and that embolic phenomena may have 
impaired the collateral circulation causing ischemia of the 
upper limb. Certainly, evidence of a collateral arterial net-
work around the elbow exists,4 but whether this network 
is sufficient to adequately perfuse the hand after complete 
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