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Abstract Background: Total rib-preserving free flap breast reconstruction (RP-FFBR) using 
internal mammary vessel (IMV) recipients usually involves vessel exposure in the second or third 
intercostal spaces (ICS). Although the third one is more commonly used, no direct comparisons 
between the two have hitherto been performed. 
Objectives: To compare the in-vivo topography and vascular anatomy of second and third ICSs 
in patients undergoing FFBR using the rib-preservation technique of IMV exposure. 
Methods: An analysis of prospectively collected data on intercostal space distance (ISD), num- 
ber and arrangement of IMVs, location of venous confluence, and vessel exposure time was 
conducted on a single surgeon’s consecutive RP-FFBRs. 
Results: A total of 296 RP-FFBRs were performed in 246 consecutive patients. The second, 
third, or both second and third spaces were utilized in 282, 28, and 22 cases, respectively. The 
ISDs were 20.6 mm ± 3.52 for the second ICS and 14.0 mm ± 4.35 for the third ICS ( p < 0.0001, 
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CI = 5.17–7.97, t -test). The second versus third ICS vein content was as follows: single 81.4% vs. 
74%, dual 18.6% vs. 26%, and confluence 3.7% vs. 13%. The second ICS single vein was medial to 
the artery in 92.6%. The third ICS single vein was medial to the artery in 88.2% 
Vessel exposure times for second (47.2 mins ± 26.7) and third (46.5 mins ± 31.4) spaces were 
similar ( p = 0.93). The overall intraoperative anastomotic revision rate was 9.1%, and the post- 
operative flap re-exploration rate was 4.0%, with 99.7% overall flap success. 
Discussion and conclusion: Preferential use of the second ICS is supported by its more pre- 
dictable vascular anatomy, a broader space for performing the microanastomoses and a higher 
frequency of a single postconfluence (and thus larger) vein facilitating the microsurgery. 
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ntroduction 

otal rib-preserving free flap breast reconstruction (RP- 
FBR) using internal mammary vessel (IMV) recipients is now 

ell established. 1,2 It involves vessel exposure in the third 3,4 

r the second intercostal space (ICS). 5–9 However, the third 
CS is more commonly used, as CT angiographic and cadav- 
ric studies have suggested that the a higher second space 
ay be more difficult to access. 4,10 , 11 Currently, there is no 
onsensus as to the better site and no direct comparisons 
ave hitherto been performed. 

bjectives 

he primary aim of the study was to compare the in vivo
opography and pertinent vascular anatomy of the second 
nd third ICSs in a single surgeon’s patients undergoing FFBR 
sing the total rib-preservation technique of IMV exposure. 
he secondary objective was to attempt to determine the 
uperior site for microvascular anastomosis. The third goal 
f the study was to analyze the vessel exposure times of dif-
erent grades of surgeons as a proxy for the ease or difficulty
ith which the technique can be learned and thus adopted
nto existing microsurgical practices. 

ethods 

 retrospective review of 255 consecutive patients who un- 
erwent rib-preserving FFBR by a single operator (CMM) over 
 nine-year period was undertaken. It analyzed prospec- 
ively collected data on intercostal space distance (ISD), 
umber and arrangement of internal mammary arteries and 
eins, location of venous confluence, and time taken for 
essel exposure by the attending surgeon and residents. 
omparative statistical tests ( student’s t and Fishers’ ex- 
ct) were two-sided and set the significance level at 0.05. 
Patients were identified from the senior author’s log book 

nd the departmental free flap register. Flap and anas- 
omotic details were obtained from these prospectively 
ollected databases and cross referenced with paper and 
lectronic patient records. Only patients operated on by the 
enior surgeon were studied in order to eliminate interop- 
rator variability. In addition, the senior author (CMM) per- 
ormed all his reconstructions using the rib-preserving tech- 
ique of IMV dissection. 5,7 , 8 The data were tabulated and 
tored on an excel spread sheet, and statistical tests were
erformed using JSTAT software. 

esults 

eneral 

 total of 310 rib-sparing FFBRs were performed in 255
onsecutive patients (median age = 50 years, range = 28–
2). There were 258 immediate, 37 delayed, 11 salvage, 
nd 3 combined delayed/immediate reconstructions. Forty- 
ve patients underwent bilateral reconstructions (90 flaps), 
hilst 169 were unilateral cases (169 flaps). The remain-
ng 51 flaps were bipedicled free flap unilateral reconstruc-
ions. The flap type distribution was 266 DIEP, 34 SIEA, 2
GAP, 2 PAP, and 6 muscle-sparing free TRAM flaps. 

omparative intercostal space topography 

he spaces utilized for the microvascular anastomoses were 
econd space only (266 cases), third space only (6 cases),
nd both second and third spaces (24 cases). Therefore, a
otal of 290 s spaces and 30 third spaces were available for
irect comparison. The first ICS was accessed inadvertently 
n 2 cases, and these were excluded from analysis. The ICS
istances (mean ± SD) were 20.6 mm ± 3.59 for the second
nd 14.0 mm ± 4.20 for the third ICSs ( p < 0.0001, CI = 5.16–
.44, student’s t- test) 
In the entire series, the spaces available for left-right

omparison were 182 on the left and 141 on the right (a
otal of 323 spaces). There was no statistical difference
etween the right and left second ICS distances ( p = 0.46
CI = −1.56–1.43 whether in the same patient ( n = 45 bilat-
ral reconstructions) or between patients ( Figure 1 ). 

essel anatomy 

he second ICS contained a single vein in 81%, two veins
n 19%, and the confluence in 4.7% cases ( Figure 2 ). In
ontrast, the third ICS contained a single vein in only 68%
ut two veins in 32% and the confluence in 16% ( p = 0.66,
2 test). When a single vein was noted in the second ICS

226 cases), it was found medial to the artery in 92% cases.
hen there were two veins in the second ICS ( n = 53 cases),
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Figure 1 Comparison of the left and right intercostal space 
distances in patients undergoing rib-preserving FFBR. There is 
no difference between left and right spaces. The three cases 
with incomplete information on the interspace distance were 
not included. 

Figure 2 Intraoperative photograph showing exposed second 
and third intercostal spaces with the internal mammary vessels 
between the second and third costal cartilages (second space) 
and between third and fourth costal cartilages (third space). 

Table 1 Median vessel exposure times according to the 
grade of surgeon. 

Grade of 
surgeon 

Second space 
(minutes) 

Third space 
(minutes) 

P value 
(M-W- U test) 

Consultant 
(attending) 

27 25 0.7535 

Fellows 
(postresidency) 

50 46 0.6389 

Registrars 
(residents) 

50 41 0.1571 

All surgeons 40 41 0.5847 

Figures 3 Bar chart showing second space vessel exposure 
times depending on the grade of surgeon ( n = 277 spaces). [The 
grade of trainee surgeon exposing the vessels was not specified 
in the operating notes in 41 cases]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the medial vein was larger and thus used for the microvas-
cular anastomosis in 83% of cases. 

Vessel exposure times 

The median IMV exposure times were 40 min for the sec-
ond ICS and 41 min for the third ICS ( p = 0.5847, Mann-
Whitney U test). These, however, varied greatly depend-
ing on the experience of the surgeon with the senior author
taking much less time (median 27 min) than the rotating fel-
lows/residents (median of 50 min) ( Table 1 and Figures 3 and
4 ). The exposure times based on the surgeon are summa-
rized in Table 1 and graphically illustrated in Figures 3 and
4 . The exposure times were not recorded in 3 cases for the
third space and 29 cases for the second space. Residents
and fellows performed over half of the vessel dissections
( Figures 3 and 4 ), and the average number of cases per resi-
dent or fellow was four. Despite this, their median exposure
time was on average 47 min (range 12 to 149) ( Table 1 ). The
time taken for IM vessel dissection plateaued off after about
7 cases as illustrated by one resident who performed 25 con-
secutive cases with a median time of only 22 min ( Figure 5 ).
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Figure 4 Bar chart showing third space vessel exposure times 
depending on the grade of surgeon ( n = 27 spaces as the expo- 
sure times had not been recorded in 3 cases). 
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lap outcomes 

f the 310 flaps, 309 were transferred successfully (0.3% 

ap failure rate), with an intraoperative anastomotic re- 
ision rate of 9.3% (28 cases) and a postoperative flap re-
xploration rate of 4.2% (13 cases). The reasons for the
ree flap re-exploration and the intraoperative microanas- 
omotic rates are shown in Figure 6 and Tables 2 and 3 . 

iscussion 

ur study has shown that the second ICS is significantly 
ider than the third ICS, which is a major advantage when
erforming microvascular anastomoses. In addition, the sec- 
nd ICS is more likely to contain a single vein, which almost
lways lies medial to the artery. This single vein is cranial
igure 5 Learning curve of resident 1 – internal mammary vessel ex
ases. She was able to perform this technique in about 20 min after 
o the venous confluence, which is only seen in the second
CS in a minority of cases (4.7%). Therefore, the vein in the
econd space is predominantly postconfluence and thus of a
arger caliber than its third space tributaries. These findings
upport the preferential use of the second over the third ICS
uring the total rib-preserving technique of microvascular 
reast reconstruction contrary to the recommendations of 
thers who still predominantly use the third ICS. 3,4 In Darcy
t al’s series of 463 patients, they used the wider of the
hird or fourth spaces, predominantly the third . 10 Our in-
raoperative findings are supported by the evaluation of the
MVs using magnetic resonance imaging by Tuinder et al. 12 

hey identified a significantly broader second versus third 
CS, containing both a larger vein and artery compared with
he third space. Additionally, the Melbourne group found 
hat the confluence of the internal mammary vein had pre-
ominantly occurred by the third rib, suggesting a single 
arger vessel was present cranial to it in the second ICS. 13 

lthough we found no difference in the spaces on the left
ersus the right, it has been postulated that the rib-sparing
echnique in the second space is particularly beneficial on
he left side where the internal mammary veins have been
ound to be comparatively larger than that of the right
ide. 14 The use of the second space is, however, not uni-
ersally accepted as a first-choice space. 
The disadvantages of using the second space that have

een postulated include the possible need to extend the
astectomy pocket superiorly as it is difficult to access 

t particularly during an immediate reconstruction, 4,10 high 
ap inset, and potential for excessive medial fullness. How-
ver, this has not been our experience. Indeed, Yang et al.
ound the rib-sparing technique to be a manageable and
afe approach even with nipple-sparing mastectomies that 
ave a larger distance from the mastectomy wound to the
ternal edge. This potential problem can easily be over-
ome by the use of appropriate tissue retraction, and in
xtreme circumstances, resection of a small section of ad-
acent costal cartilages could facilitate adequate access, 
lthough in our series we did not find this necessary. We
id, however, find that on three occasions (about 1%) we
posure times of a single resident who performed 25 consecutive 
a very short learning curve of only a few patients. 
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Figure 6 Pie chart showing reasons for the postoperative free flap re-exploration. 

Table 2 Individual outcomes of the free flap re-explorations. 

Indication for re-exploration Intraoperative findings Flap outcome Timing postop 

Hematoma Hematoma Success Days 7 
Venous engorgement/hematoma Hematoma Success 32 h 
Mottled flap skin paddle Hematoma Success 24 h 
Venous engorgement/hematoma Venous thrombus, insufficiency Success 12 h 
Venous engorgement Other Success 20 h 
Hematoma Hematoma Success 24 h 
Ischemia (no audible doppler) Arterial thrombus Success 24 h 
Venous engorgement Venous thrombus, small hematoma Success days 14 and 18 
Ischemia Arterial thrombus Failure 20 min 
Venous engorgement/hematoma Other Success 12 h 
Venous engorgement Other Success days 7 and 8 
Venous engorgement Venous thrombus Success 20 h 

Table 3 Reasons for intraoperative microanastomotic revi- 
sions (on-table redo anastomoses). 

Indication Number of flaps 

Artery ( n = 10) 
Vessel discrepancy 3 
Flow problems 4 
Intimal damage 2 
Unacceptable bleeding 2 

Vein ( n = 13) 
Vessel discrepancy 2 
Flap engorgement 3 ∗

Unacceptable bleeding 5 
Vessel kinked 1 
Vessel damage 2 

∗ Two of these needed vein grafts to optimize/re-establish 
flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

had to nibble back the third or the second rib because
of intraoperative constraints (no flow in artery because of
silicone-induced perivascular fibrosis and two cases of
bleeding under the second costal cartilage). This shows the
versatility of the technique. It has also been suggested that
rib preservation exposure is more difficult and thus might
take longer to perform. This, however, is not borne out by
our study because the exposure times for the second and
third spaces were almost identical. The exposure times for
the two spaces clearly depended on the experience of the
dissecting surgeon. 

One of the secondary objectives of the study was to ana-
lyze the vessel exposure times of different grades of sur-
geons with the purpose of attempting to determine the
ease or difficulty with which the technique can be learned
and thus adopted into an existing microsurgical practice.
It demonstrated that the exposure time decreases with ex-
perience (resident to fellow to attending). Our study also
showed that total rib preservation IMV exposure, especially
in the second ICS, is easy to learn, and the time taken for it
plateaued off after about seven cases as illustrated by one
resident who performed 25 consecutive cases with a median
time of only 22 min ( Figure 5 ). 

In addition to exposure times that are comparable for
the second and third spaces, our study has demonstrated
that the vascular anatomy of the second space was more
predictable than that of the third space and, therefore,
does not need preoperative delineation using CTA or MRA.



The ideal intercostal space for internal mammary vessel exposure 1005 

T
a
t
b
n
c
t  

W  

h
a
m
i
p
b

m
j
d
i  

e  

d
a
t
e

a
f
t  

d
o  

t  

i
a  

b
i
p  

s
s
e
s
s
w  

i  

c
t  

t  

p  

s
e
n
i
a
d
v  

b  

s
f
v
s
p
t
r

t
c  

d

C

T  

t
o  

I  

s  

s  

v

C

N

F

N

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

his is an important conclusion from our study as some 
uthors have recently suggested that CT angiography of 
he IMVs should be performed to facilitate microvascular 
reast reconstruction. 11 We consider CTA of the IMVs un- 
ecessary given the consistency and reproducibility of vas- 
ular anatomy and topography of this region, and this was 
rue irrespective of whether it was on the left or the right.
e believe that routine CTA should be avoided because of
igh radiation dose, possible contrast toxicity/allergic re- 
ctions, 15 and cost and the unlikelihood that it will change 
anagement. The contralateral carcinogenic risks of chest 

maging are amplified in this already “susceptible” cancer 
opulation. 13 Therefore, CT angiography of the IMVs should 
e reserved for highly selected cases only. 
Our paper also draws attention to intraoperative anasto- 

otic redo surgery in a large microvascular series, a sub- 
ect not addressed in many papers. Indeed, very few papers 
iscuss the intraoperative flap problems, but this subject 
s important as it highlights factors that may lengthen op-
rative time and thus contribute to morbidity. It also in-
irectly demonstrates efficacy of this vessel exposure type 
nd its adequacy for microvascular anastomoses because of 
he relatively low number of intraoperative complications 
ncountered. 
Identified weaknesses of this paper include a discrep- 

ncy in numbers between the second and third IC spaces 
or comparison. A randomized study can potentially address 
his deficit, but it may be difficult to justify its cost and
uration before statistical significance can be reached. Sec- 
nd, our study did not directly measure the diameters of
he IMVs in the two spaces, which would have provided the
deal comparison. However, in anatomy, a given vein gener- 
lly becomes larger as it goes from distal to proximal in the
ody and postconfluence versus preconfluence. Therefore, 
nternal mammary veins in the second space would be ex- 
ected to possess wider diameters than those in the third
pace. Similarly, a given artery is wider proximally (second 
pace) than it is distally postbifurcation (third space). Nev- 
rtheless, despite the lack of direct vessel diameter mea- 
urements, the study gave us information when both the 
econd and third spaces were simultaneously exposed about 
hich vein was larger, as visually determined by the operat-
ng surgeons. When there were two veins present and thus a
hoice between the lateral and medial IM vein tributaries in 
he second space, the larger vein was selected for the anas-
omoses to facilitate the microsurgery. Third, it was also not
ossible to compare ischemia times for the second and third
paces because the exposures were done for slightly differ- 
nt reasons, but the exposed spaces provided an opportu- 
ity to study the pertinent anatomy. Although this study 
s from one operator and has given valuable information, 
 larger series from multiple centers would add more evi- 
ence to ICS selection. The vessel exposures are, however, 
alid for extrapolation to a larger series as they were done
y different grades of surgeons. Whilst this study is retro-
pective, it analyzed data that were prospectively collected 
or the specific purpose of studying the ICS topography and 
ascular anatomy pertinent to microvascular breast recon- 
truction. Despite the aforementioned short comings of the 
resent study, it has clearly shown the advantages of using 
he second space for microvascular anastomoses in FFBR in a 
elatively large consecutive series. Notable amongst these is 
he greater space available for performing the microsurgery 
ompared to the third space, larger vein, and more pre-
ictable anatomy. 

onclusion 

otal rib-preservation exposure of the IMVs is an effective
echnique for microvascular breast reconstruction. We rec- 
mmend the second ICS for this purpose because of its wider
CS and larger caliber single vein. Our series has also further
upported the rib preservation technique as safe in micro-
urgery as shown by our low intraoperative anastomotic re-
ision rate and free flap failure rate. 
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