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Abstract

Background: Surgical thoracic outlet syndrome (TOS) management involves decompression of the neurovascular
structures by releasing the anterior and/or middle scalene muscles, resection of the first and/or cervical ribs, or a
combination. Various surgical approaches (transaxillary, supraclavicular, infraclavicular, and transthoracic) have been used
with varying rates of complications. The purpose of this study was to evaluate early postoperative outcomes following
surgical decompression for TOS. We hypothesized that first and/or cervical rib resection would be associated with
increased 30-day complications and health care utilization. Methods: The American College of Surgeons National Surgical
Quality Improvement Program database was reviewed for all TOS cases of brachial plexus surgical decompression in the
region of the thoracic inlet from 2005 to 2013. Results: There were 225 patients (68% females; mean age: 36.4 years
* 12.1; 26% body mass index [BMI] = 30). There were 205 (91%) patients who underwent first and/or cervical rib
resection (*scalenectomy), and 20 (9%) underwent rib-sparing scalenectomy. Compared with rib-sparing scalenectomy,
rib resection was associated with longer operative time and hospital stays (P < .001). In the 30 days postoperatively, 8
patients developed complications (rib-scalenectomy, n = 7). Only patients with rib resection returned to the operating
room (n = 10) or were readmitted (n = 9). Conclusions: Early postoperative complications are infrequent after TOS
decompression. Rib resection is associated with longer surgical times and hospital stays. Future studies are needed to
assess the association between early and long-term outcomes, surgical procedure, and health care utilization to determine
the cost-effectiveness of the various surgical interventions for TOS.
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been described, including transaxillary, supraclavicular,
infraclavicular, and transthoracic approaches.’ The type of
operative management and the specific approach have vary-
ing rates of complications, such as pneumothorax, and neu-
rovascular injuries to the subclavian vessels, brachial plexus,
and long thoracic, intercostobrachial and phrenic nerves.’

Introduction

Compression of neurovascular structures located in the
region of the thoracic inlet, specifically the brachial plexus,
subclavian artery, and/or subclavian vein, can produce a
collection of symptoms that are clinically termed thoracic
outlet syndrome (TOS).'” Symptoms arising from neuro-
genic TOS include upper limb paresthesia, pain, and muscle
weakness, and are often precipitated or exacerbated by pro-
longed and abnormal postures, neck trauma, hypertrophy of
neck musculature, and bony or soft tissue anomalies.**

The primary treatment approach for TOS is nonoperative
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management addressing postural abnormalities and muscle
imbalances in the cervicoscapular region.” When nonopera-
tive management fails to provide symptom relief, operative
treatment to decompress the constricting region involves
release of the anterior and/or middle scalene muscles, resec-
tion of the first and/or cervical ribs, or a combination.* To
access the operative site, multiple surgical approaches have
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Figure 1. Algorithm for patient selection.
Note. CPT = Current Procedural Terminology.

Previous studies that have evaluated outcomes following
surgical decompression of the brachial plexus have provided
little emphasis on the cost-effectiveness and health econom-
ics aspect of the surgical interventions. The American Col-
lege of Surgeons National Surgical Quality Improvement
Program (NSQIP) has instituted a prospective database of
surgical procedures and this database has been used to assess
30-day outcomes of numerous surgical procedures.”'’ The
NSQIP data have not been used to investigate the postopera-
tive outcomes following surgical decompression for TOS.

The purpose of this study was to evaluate the incidence of
early postoperative outcomes (complications and health care
utilization) within 30 days following surgical decompres-
sion of the neurovascular structures in the region of the tho-
racic inlet, and secondarily to identify risk factors associated
with these complications. We hypothesized that resection of
the first and/or cervical rib would be associated with
increased 30-day complications and health care utilization.

Methods

Following institutional review board approval, the NSQIP
database was used to conduct a retrospective study on all
cases of surgical decompression of the brachial plexus in the
region of the thoracic inlet from 2005 to 2013. The NSQIP
database contains perioperative surgical data collected from
hospitals located in the United States and Canada. The Cur-
rent Procedural Terminology (CPT) code 64713 was used to
identify patients who underwent neuroplasty of peripheral
nerves. Patients with brachial plexus lesions were identified
based on the International Classification of Diseases, Ninth
Revision (ICD-9) diagnostic code Q353.0. Patients who
underwent surgical procedures associated with these CPT
and /CD-9 codes included first and/or cervical rib resection,
scalenectomy or combined rib resection and scalenectomy
were identified and selected for analysis (Figure 1).

Data were collected on demographics (age, sex, body mass
index [BMI], and year of surgery), health descriptors (Ameri-
can Society of Anesthesiology [ASA] physical status classifi-
cation, functional status, emergent surgery, alcohol use, and
smoking status), comorbidities (bleeding disorder, chronic
obstructive pulmonary disease, diabetes, dyspnea, hyperten-
sion, sepsis, and steroid use), and 30-day outcomes (duration
of surgery, length of hospital stay, types of complications,
complications based on the NSQIP classification system, and
return to care). The NSQIP complication classification system
consisted of the following categories: surgical, major, infec-
tious, adverse, and overall complications. Data were imported
into SPSS version 20, and outcomes of interest were com-
pared between patients who underwent first and/or cervical
rib resection and those who had rib-sparing scalenectomy.

Results

There were 225 patients who underwent surgical decom-
pression of the brachial plexus in the region of the thoracic
inlet from 2005 to 2013, with the highest frequency of sur-
gical management in 2010 (26.2% of included surgeries)
(Table 1). The mean age of the patient population was 36.4
* 12.1 years, 154 (68.4%) were females, 128 (56.9%) were
overweight or obese based on BMI, and 28 (12.4%) met the
ASA class 3 severe systemic disease physical status classi-
fication. Comorbidities and other health descriptors are
reported in Table 1. None of these factors were associated
with the overall complications.

Eighty-nine patients (28.6%) had first and/or cervical
rib resection, 20 (6.4%) had rib-sparing anterior scalenec-
tomy, 35 (16.6%) had anterior scalenectomy with cervical
rib resection, 72 (23.2%) had anterior scalenectomy with
first rib resection, and 9 (2.9%) had anterior scalenec-
tomy with first and cervical ribs resection (Table 2).
Overall, 205 (91.1%) of the study sample underwent rib
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Table I. Demographic Characteristics and Comorbidities;

Total Sample (N = 225).

Table I. (continued)

Variable Patients
2007 19 (8.4)
2008 21 (9.3)
2009 42 (18.7)
2010 59 (26.2)
2011 12 (5.3)
2012 24 (10.7)
2013 27 (12.0)

Variable Patients
Age
Mean, years (+ SD) 364 (£12.1)
Sex, n (%)
Female 154 (68.4)
Male 70 31.1)
NR 1 (0.4)
Body mass index, n (%)
Underweight (<18.5) 7@3.1)
Normal (18.5-24.9) 89 (39.6)
Overweight (25-29.9) 70 (31.1)
Obese (=30) 58 (25.8)
NR 1 (0.4)
American Society of Anesthesiology Physical Status
Classification, n (%)
Class |: Healthy patient 39 (17.3)
Class 2: Mild systemic disease 158 (70.2)
Class 3: Severe systemic disease 28 (12.4)
Functional status, n (%)
Partially dependent 3(1.3)
Independent 222 (98.7)
Emergency surgery, n (%)
Yes 2 (0.9)
No 223 (99.1)
Bleeding disorder, n (%)
Yes 21 (9.3)
No 204 (90.7)
COPD (severe), n (%)
Yes 4(1.8)
No 221 (98.2)
Diabetes, n (%)
Insulin 2 (0.9)
Noninsulin/oral agent 5(0.9)
No 218 (96.9)
Dyspnea, n (%)
At rest 1 (0.4)
Moderate exertion 15 (6.7)
No 209 (92.9)
Hypertension requiring medication, n (%)
Yes 44 (19.6)
No 181 (80.4)
Alcohol use, n (%)
Yes 3(1.3)
No 176 (78.2)
NR 46 (20.4)
Smoking, n (%)
Yes 42 (18.7)
No 183 (81.3)
Steroid use (chronic), n (%)
Yes 2 (0.9)
No 223 (99.1)
Year of surgery, n (%)
2005 6 (2.7)
2006 15 (6.7)
(continued)

Note. NR = not recorded; COPD = chronic obstructive pulmonary disease.

resection (*scalenectomy), and 20 (6.4%) had rib-spar-
ing scalenectomy.

Patients who underwent first and/or cervical rib resec-
tion had significantly longer surgical operative time (mean
221.7 minutes vs 154.1 minutes, P < .001) and longer hos-
pital stays (mean 4.2 days vs 2.9 days, P < .001) compared
with patients who did not have a rib resection (Table 3).

In the 30-day postoperative period, there were no occur-
rences of mortality, pulmonary embolism, myocardial infarc-
tion, cerebrovascular incident, or renal failure (Table 4). Both the
sepsis and septic shock occurred in patients who also had super-
ficial surgical site infections. Although no significant association
between rib resection and specified complications was detected,
all complications occurred in patients who underwent rib resec-
tions, excluding one superficial surgical site infection.

Based on the NSQIP complication classification, there
were 8 patients (3.6%) with 10 overall complications, 8
patients (3.6%) with 9 surgical complications, 5 (2.2%)
with 6 major complications, 5 (2.2%) with an adverse event,
and 1 (0.4%) with an infectious complication (Table 5). No
significant association was found between complication
and adverse events, and operative management. However,
of the 8 patients with overall or surgical complications, 7
underwent rib resection; of the 5 patients with major com-
plications or adverse events, all 5 had rib resection; and the
only patient with infectious complication (organ space
infection) also had rib resection.

Ten patients (4.4%) after rib resection returned to the
operating room (Table 6), and all readmissions from 2011 to
2013 occurred in patients following rib resection.

Discussion

The NSQIP data provide information on a large, heterogeneous
cohort of patients from across the United States and Canada.
This study has highlighted that operative management of TOS
is infrequent and the most common surgical intervention pro-
vided to relieve TOS symptoms is rib resection; only 6.4%
patients had rib-sparing scalenectomies. Overall, the 30-day
postoperative complications recorded by NSQIP are relatively
rare after decompression of the brachial plexus in the thoracic
inlet for TOS. Rib resection is associated with significantly
longer surgical times and length of stay in hospital. All
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Table 2. Operative Management to Decompress Thoracic Inlet.

Type of operative management Patients, N = 225 (%)
First rib and/or cervical rib resection (CPT 21615 or 21600 or 32900)*° 89 (39.6)
Anterior scalenectomy without cervical rib resection (CPT 21700) 20 (8.9)
Anterior scalenectomy with cervical rib resection (CPT 21705) 35 (15.6)
Anterior scalenectomy with first rib resection (CPT 21615 + 21700)° 72 (32.0)
Anterior scalenectomy with cervical rib and first rib resection ([CPT 21615 OR 9 (4.0

32900] + 21705]°°

Note. CPT = Current Procedural Terminology.

*Includes | patient who underwent partial rib resection (CPT 21600).

®Includes | patient with potentially multiple thoracic ribs resection (CPT 32900).

“Assumed CPT 21615 to indicate first rib resection because CPT 21700 precludes cervical rib resection.

dAssumed to be both cervical and first rib resection because CPT 21705 includes cervical rib resection; therefore, CPT 21615 must indicate first rib
resection.

Table 3. Duration of Care Measures.

Rib resection, n = 205 Rib-sparing, n = 20
Measure Mean (SD) Mean (SD); median (range) Mean (SD); median (range) P value®
Length of surgery (min) 215.65 (103.5) 221.7 (105.5); 204.0 (689.0) 154.1 (49.2); 142.5 (193) .000
Length of stay (days) 4.10 (2.0) 4.2 (2.0); 4 (12.0) 2.9 (2.2); 2.0 (7.0 .000

*Shapiro-Wilk tests were conducted to assess normality; P < .05 obtained across both groups for both measures. Normality assumption was rejected,
and Mann-Whitney U tests were conducted for pairwise comparison.

Table 4. Types of Complications.

Rib resection patients, Rib-sparing patients,

Type Patients, N = 225 (%) N events n = 205 (%) n = 20 (%) P value®
Superficial surgical site infection 4 (1.8) 4 3 (1.5 I (5.0) 313

Organ space surgical site infection 1 (0.4) | I (0.5) 0(0) 1.000
Unplanned intubation 1 (0.4) | I (0.5) 0 (0) 1.000
Transfusion (intraoperatively or postoperatively) 2 (0.9) 2 2 (1.0 0 (0) 1.000
Sepsis 1 (04) | 1 (0.5) 0 (0) 1.000
Septic shock 1 (0.4) | 1 (0.5) 0 (0) 1.000
Any complication 8 (3.6) 10 7 (34) I (5.0) 551

®P values obtained from Fisher exact test.

Table 5. NSQIP Complication Classification.

Rib resection patients, Rib-sparing patients,
Classification Patients, N = 225 (%) N events n = 205 (%) n = 20 (%) P value®
Overall complications 8 (3.6) 10 7(34) 1 (5.0) 551
Surgical complications 8 (3.6) 9 7 (3.4) 1 (5.0) 531
Major complications 52 6 5(24) 0() 1.000
Infectious complications I (0.4) | 1 (0.5) 0(0) 1.000
Adverse events 5(22) 5 5(24) 0 (0) 1.000
Note. NSQIP = National Surgical Quality Improvement Program.
°P values obtained from Fisher exact test.
postoperative complications and return to hospital and operat- tion was not statistically significant, which may be related to

ing room, with the exception of one superficial surgical site ~ the low number of complications and requires further investi-
infection, occurred in patients with rib resection. This associa- gation in a larger sample size.
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Table 6. Return to Care Measures.

Rib resection patients, n

Rib-sparing patients,

Measure Patients, N = 225 (%) = 205 (%) n = 20 (%) P value®
Return to operating room 10 (4.4) 10 (4.9) 0 (0) .606
Readmission to hospital® 9/63 (14.3) 9/59 (15.3) 0/4 (0) 1.000

2P values obtained from Fisher exact test.

®Variable available for 2011 and onwards only, n = 4 for rib-sparing group, n = 59 for rib resection group.

In a study of the current practice of TOS decompression,
Rinehardt et al reviewed the NSQIP database and selected
all cases of first or cervical rib resection.' In our study, we
initially used the CPT code 64713 to identify patients who
underwent neuroplasty of peripheral nerves and the /CD-9
code to identify brachial plexus lesions and then the specific
codes for rib resection and scalenectomy. In our subset of
patients, we found low risk of complications which is simi-
lar to the results reported by Rinehardt et al. Similar to our
study, Cheng et al found rib resection compared with scale-
nectomy was associated with longer hospital stays (mean
5.1 days vs 3.9 days, respectively).'> In another study that
evaluated patients following rib-sparing scalenectomy and
neurolysis, most were discharged within 24 hours and
reported high satisfaction with results."

Sanders compared outcomes following TOS decompres-
sion (between 1965 and 1988) with transaxillary first rib
resection, supraclavicular first rib resection (with scalenec-
tomies), and supraclavicular scalenectomies only, and
found similar success rates among all groups, with 90% of
patients experiencing improvement in symptoms postoper-
atively, and 65% maintaining these results 15 years follow-
ing surgery.>>'*"" In another literature review by Sanders
et al, no significant difference in symptom relief and func-
tional improvement was reported following these surger-
ies." In a study by Landry et al, 79 patients were examined
at a mean of 4.2 years after first rib resection surgery and
approximately 34% of patients reported improvement in
symptoms, but this did not significantly differ from patients
who were managed nonoperatively,'® showing limited ben-
efit of first rib resection. In another study, negative predic-
tors of good functional outcome included extended first rib
resection, acute ischemia, and sensory or motor deficit and
severe postoperative complications.”’

In contrast to the similar functional outcomes after any
surgical management for TOS, differences in complications
have been reported depending on the type of surgical man-
agement and approach. In a retrospective review of a
national inpatient database, rib resection for neurogenic
TOS, an overall low complication rate was reported.”' In
one surgeon’s experience, first rib resection via a transaxil-
lary approach led to a 10% incidence of pneumothorax,
with half requiring insertion of chest tubes.** The incidence
of a pneumothorax was reported as high as 23% to 33% in

other studies.”** Transaxillary first rib resection also pres-
ents risk of iatrogenic injury to the intercostobrachial
nerves, long thoracic nerve, and C8 and T1 plexus roots.****’
Although supraclavicular surgeries have their own risks,
such as Horner syndrome, thoracic duct injury, and phrenic
nerve traction,®*>** the incidence of long-lasting or severe
complications is reported to be less, particularly in the
absence of first rib resection.'>'**%%’

Functional outcome may not differ significantly between
first rib resection and scalenectomy. However, the risk of
postoperative complications may be higher with first rib
resection, particularly with the transaxillary approach.
Studies have identified supraclavicular scalenectomies to
be the primary procedure in the decompression of TOS'*'**%"
. in the majority of TOS cases, the pathology involves
compression between the scalene muscles.'®***° It has been
suggested that first rib resection is effective only because it
involves anterior and middle scalenotomy.'®

Controversy remains regarding the selection of the opti-
mal surgical approach for TOS. Some studies have sug-
gested supplementing a supraclavicular scalenectomy with
first rib resection to reduce the risk of recurrence and repeat
surgeries.'>***" In contrast, other studies have suggested
that first rib resection may lead to a higher rate of recur-
rence due to increased scar tissue deposition,'* particularly
if a rib remnant remains.’’ Sanders et al have advised
removing the first rib only when anomalous and symptom-
atic (eg, previous rib fracture creating a callous,” or when
accompanied/fused with the cervical rib).**** Overall, it is
essential to distinguish symptomatology resulting from
compression of the brachial plexus and vessels from first
and/or cervical ribs versus the scalene muscles.

The primary strength of this study is the utilization of a
national prospective database, and it provides data on a large
cohort of patients from a multicenter perspective, which
increases the generalizability. There are limitations to this
study. Because this is a retrospective study, selection bias is
present based on our algorithm for identifying patients. Bias
may also be present in the selection of patients for surgical
intervention and the procedure performed (surgical approach:
scalenectomy vs rib resection) dependent on surgical spe-
cialty and surgeon preference. Correlation of some data to
the morbidity observed could not be analyzed, such as the
specific surgical approach used (eg, transaxillary vs
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supraclavicular), as these data were not recorded. It could
not be distinguished which patients had middle scalenec-
tomy. Because only specific complications are recorded by
the NSQIP data set,” it is possible that complications spe-
cific to TOS surgical decompression were not captured, such
as pneumothorax and nerve traction/injuries, particularly if
these did not lead to readmission or return to the operating
room. Despite using data from a national database, this study
may be underpowered due to the low frequency of complica-
tions and may not detect differences in complications and
return-to-care measures. A few recent studies have ques-
tioned the predictive value of the NSQIP database, after
comparing the NSQIP complication rate with their institu-
tional rates.****

This study found that first and/or cervical rib excision
results in longer surgical times and hospital stays than other
operative managements. Literature review is suggestive of
limited functional gain from first rib excision in TOS. In the
current era of health economics and cost-effectiveness, the
utility of first and/or cervical rib resection for TOS needs to
be re-considered. These data highlight the importance of
proper preoperative evaluation to determine the location
and etiology of compression to direct surgical management
that reduces morbidity for patients and utilization of limited
health care resources. It remains crucial to recognize the
symptoms of TOS, and that surgical management can result
in tremendous improvements in quality of life.*® Thus it is
important to provide appropriate surgical management
when deemed necessary. Further research studies empha-
sizing a combination of early and long-term patient out-
comes and health care utilization are warranted to determine
the cost-effectiveness of the various surgical interventions
for TOS. Ultimately, this would enable expert consensus on
appropriate patient selection and standardization of surgical
management to provide patients with optimal outcome.
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