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Abstract. The vertical rectus abdominis (VRAM) flap has been used for reconstruction of sternal defects,
particularly in the inferior third, since it was first described 20 years ago. We describe 12 patients with mediastinitis
or chronic sternal osteomyelitis after sternotomy treated between 1994 and 1997, nine performed at the Royal
Hospitals Trust, London. Sternal osteomyelitis and mediastinitis after median sternotomy is an uncommon (0.4%—
8.4%) but often fatal condition. Vascularised pedicles are the treatment of choice, and VRAM flaps were used in all
cases. We report good long-term outcome with a follow up of 2-5 years, and no long-term morbidity relating to the
VRAM reconstruction. We had only one partial failure of a flap. The operations were largely done in hospitals
away from the plastic surgical unit in extremely sick patients, which illustrates the importance of multidisciplinary
management to reduce hospital stay, mortality, and morbidity. We argue that early involvement of plastic surgical
specialists in the treatment of sternal dehiscence is essential to ensure a successful outcome.
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The median sternotomy wound has successfullyl976 (16). Mathes and Bostwick followed this in 1977
provided optimum exposure of the heart and the greaby describing their use of the vertical rectus abdominis
vessels for four-and-a-half decades. It was firsfVRAM) flap (20). These techniques have proved
described by Julian and Lopes-Belio in 1957 (13).highly successful in managing failed cases of rewiring
The price paid has been mediastinitis, despite its lowand irrigation, and increasingly have been used as the
incidence (range 0.4% to 8.4%) (22,27,31). Thisprimary reconstructive procedure. They were soon
complication carried a high mortality rate until broadened to include pectoral and latissimus dorsi flaps
recently, with up to 80% reported in the 80s (23); (7, 14). The superiority of muscle flap reconstruction
reports are now as low as 7% (25, 34). The incidence obver irrigation alone in management of dehisced
sternal bone necrosis and chronic osteomyelitis isnedian sternotomy wounds was confirmed by Rand
reported in the same range (34). For survivors of botlet al. in their prospective study in 1998 (29).
these conditions there are the attendant cosmetic and The aim of this paper is to describe a series of 12
functional morbidities (4, 15, 26, 30). VRAM flap sternal reconstructions. We examine the
Management of sternal wound dehiscence haspeed of referral to the plastic surgical unit and the
become increasingly successful over time. Shumakerequirement for multidisciplinary coordination to
and Mandelbaum in 1963 described the strategy obptimise the patient’s treatment.
sternal debridement and continuous antibiotic irriga- We use the term sternal dehiscence to include both
tion (32). Thurer et al. modified this in 1974, using short and long term breakdown of median sternotomy
open wound irrigation with povidone iodine (33). Lee wounds with or without mediastinitis and sternal
et al. introduced the first vascularised omental flaps irosteomyelitis.
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unit (ICU) before flap reconstruction, the median being
19.5 days (range 1-36).

The median time before the initial breakdown after
sternotomy was 9 days (range 4-23).

The shortest recorded time before referral for sternal
breakdown was one day, and the longest 24 days
(median 8). The median delay before reconstruction

Table . Organisms cultured from wounds

Infecting organism No. of infected patients

Saphylococcus aureus 5
Methicillin-resistantS aureus 4
Coagulase-negative staphylococcus 5
Pseudomonas spp 1

gé?;geg;%fe?;amipp 11 after CABG was 27 days (range 7-39).
No growth 1

Follow up

All patients were followed up postoperatively for
between two and five years to identify further sternal
relapse and long-term functional outcome, including
A total of 6039 sternotomies were done at The Royaldonor site morbidity. Information was gathered by
Hospitals Trust between February 1994 and Marchelephone from the patients’ general practitioner and
1997. During this period 10 patients were referred tofrom the hospital outpatient notes.
the plastic surgical department for flap reconstruction. ) )
This represents 0.2% of all the sternotomies donelrgical reconstructive technique
during that period. Of these, nine patients were giveriThe VRAM flaps were based on the superior epigastric
VRAM flaps and one a right pectoral advancement flapvessel, but intercostal perforators were preserved in all
Patients were identified from hospital operative re-cases. In no case had the internal mammary artery on
cords. the side of the flap been harvested. The technique of
Two further cases of VRAM reconstruction were raising and rotating the flap has been well described
performed in Linkoping, Sweden, and one in Zurich, (20). Our VRAM flaps were harvested with a skin
Switzerland, by the senior author. These have beepaddle, which was used to fill the skin defect at the
included in this series. Those patients who responded tsternal wound. Meticulous debridement of necrotic
simple debridement and rewiring have not been
included in this series. The patient for whom the
pectoral flap was used has also been omitted.
The patients’ ages ranged from 57 to 75 yeardPata are numbers of patients except where otherwise stated.
(median 63). There were 10 men and two women. Ten

PATIENTS AND METHODS

Table Il. Preoperative morbidity

patients had had coronary artery by-pass graftsype of operation 8u:r ic'tgl;dy
(CABG), one had had lung reduction, and one had
had a thoracic aortic aneurysm repaired. Seven patien&glr\?;rarrg artery bypass graft 10
o . e pair or other 2
had sternal osteomyelitis without mediastinitis (thepregperative risk factors
discovery of devitalised bone on debridement or Mean age (years) 65
prolonged wound drainage) and four had mediastinitis ~ Range (years) (57-79)
(clinical diagnosis). >65 _ 5
One patient had had three sternal revisions before ggbgz‘gre reconstruction 46
referral; another patient had had two. Eight patients had active smoker 3
had one revision. In most cases revision involved Ex-smoker 7
rewiring of the sternal bone. Twelve VRAM flaps were ~ Previous sternotomy 1
used in these patients. Previous coronary artery bypass graft 1
At the time of referral (Table I), wound fluid from S)t/)s::%nsion %
eight patients grew one or more pathogenic organisms. chronic obstructive pulmonary disease 2
Preoperative morbidity is shown in Table Il. In most  Peripheral vascular disease 1
of the patients (8/12), the left internal mammary artery Left ventricular failure*:
had been used for coronary revascularisation. The l’\\'/l‘?krjma' derat 26
remaining two patients who had had CABG had SE'}VJ;O erate 1
saphenous vein grafts. Postoperative risk factors
Two patients had required early repeat sternotomy; Rewiring 7
one after cardiac arrest for further CABG and another Emergency repeat sternotomy 2
Reoperation (within 15 days) 10

for re-exploration because the internal mammary artery

was bleeding.

* Only 9 of the 12 patients had the ejection fraction recorded

Six patients required treatment in the intensive caren the notes.
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Table IIl. Results of VRAM reconstruction of sternal wound dehiscences

Emergency Delay after
repeat ICU (days ICU (days CABG until
Case No. Age Sex Reason for sternotomy sternotomy Sternal condition before flap) after flap) referral (days
1 68 F CABG No Mediastinitis 0 7 16
2 74 F CABG No Mediastinitis 1 4 29
3 65 M CABG No Sternal osteomyelitis 21 70 30
4 61 M CABG Yes Acute dehiscence 27 26
5 62 M Lung reduction No Acute dehiscence 36 36
6 57 M CABG Yes Sternal osteomyelitis 8 16
7 61 M CABG No Sternal osteomyelitis 18 18
8 64 M CABG No Mediastinitis 0 4 9
9 60 M CABG No Mediastinitis 0 2 14
10 79 M CABG No Sternal osteomyelitis 0 N/R 13
11 67 M CABG No Sternal osteomyelitis 0 23
12 60 M Repair of aortic aneurysm No Sternal osteomyelitis 0 3 N/R
Mean 65 19 10 21
Median 63 195 4 18

Key: CABG = coronary artery bypass grafting, ICU = intensive care unit.

sternal bone and costal cartilage was done in all casebetween two and five years. There have been no long-
In nine cases one surgeon used 1/0 nylon tensioterm problems reported relating either to the sternal
sutures to support the sternal defect and to protect theegion or to the donor site in the abdomen.
skin paddle from lateral stretch forces (cases 1, 3, 6—
11). DISCUSSION
. We report the outcome of 12 patients in whom the
RESULTS (Table lil, Fig. 1) VRAM flap was used for reconstruction of sternal
After reconstruction all patients were treated in thedehiscence. Although the pectoral flap may provide
ICU, where they remained between one and 70 daygood cover for many sternal defects, our defects were
(median 4). The total duration of treatment in hospitalmainly in the inferior third of the sternum. This area is
after CABG ranged from 25 to 115 days (median 51)notoriously difficult to reach with pectoral flaps, as
postoperatively, which was 8 to 85 days (median 17)escribed by Jurkiewicz et al. in 1980 (14).
after VRAM flap reconstruction. Current publications have suggested that pectoral
A total of three patients developed complicationsflaps are the most popular methods of reconstruction
after reconstruction and all three had been in the ICUor sternal dehiscence (6,9,11,12, 14,22, 23, 28).
before flap reconstruction. The median time to woundHowever, many papers present other methods includ-
healing after reconstruction was 15 days (range 13-27)ng omental flaps (18, 21, 34, 35), latissimus dorsi flaps
The postoperative mortality rate related to wound(7), and VRAM flaps (5, 8, 10, 19, 24). Recently, the
closure or septic complications within one month of number of VRAM flaps being reported has decreased,
reconstruction was one out of 12. Two patients diedand this trend is reflected in the experience of Emory
prior to discharge. Case 1 died seven days afteniversity Hospital, Atlanta, during the past 20 years
reconstruction of acute sepsis (methicillin-resistantas described by Jones et al. (12).
staphylococcus aureus) associated with mediastinitis,  The management of sternal dehiscence with VRAM
this is included in the postoperative Fig. 1. Case 3 diedlaps was first described by Mathes and Bostwick (20)
74 days after reconstruction from his cardiovasculain 1977, who found that they produced excellent cover.
disease, for reasons unrelated to his sternotomy and Ehe versatility of the flap was also described by Neale
not included as a postoperative mortality. On postet al. (24) in their management of sternal osteomyelitis,
mortem his wounds were found to be healed. claiming that it was a superior alternative to other flaps,
There was one incidence of 40% flap loss (case 2peing able to fill almost any sternal defect.
that lead to wound dehiscence. Direct closure was In 1986 Majure et al. (19) described their series of 18
attempted, which also failed, and bilateral pectoralreconstructions with VRAM and pectoral flaps. Dis-
rotation flaps were used. The wound healed successatisfied by the cosmetic results of the pectoral flaps
fully 21 days after this procedure. (the first four patients), they used VRAM flaps alone
Long-term follow-up data has been obtained ofwhere possible to produce the best cosmetic results.
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Number of Time to Hospital
rewirings or Complications Outcome and healing time  discharge after stay
wound revisions of flaps (days) flap (days) (days)
1 0 Died of sepsis 8 25
1 40% ischaemic loss, required pectoral flaps N/A 85 113
3 0 Died day 74, healed by day 19 80 115
0 Sinus discharge at home 16 16 38
1 0 14 18 53
1 0 14 15 36
0 Small dehiscence and sinuses 13 48 65
1 0 18 18 56
1 0 27 30 46
1 0 21 9 72
2 0 14 8 38
1 0 14 14 48

17 29 59

14 17 51

Notably, however, in larger defects they would still of the greater morbidity among our patients. This is
also use pectoral advancement flaps in combination. illustrated by the large number who required nursing in
lacobucci et al. described a series of 10 patients withhe ICU before VRAM reconstruction. These patients
sternal osteomyelitis (10). In particular, they empha-also had more reduced or poor ejection fractions (Table
sised the usefulness of the VRAM flap in providing II).
cover for the inferior third of the sternum. One contributing factor may be that our choice of
More recently, in 1997, Grant et al. (8) described theVRAM flap reconstruction reduced the respiratory
VRAM flap in reconstructions in children, particularly function of the patients. It is known that the rectus
for those sternotomies that could not be closed folabdominis acts in concert with the diaphragm and in
haemodynamic reasons. adults both are responsible for up to three quarters of
Our study shows that 10 out of the 11 surviving respiration (4). Cohen et al. showed the functional
patients healed without revision after VRAM flaps. The superiority of pectoral muscle flap reconstruction over
exception was one whose wound dehisced (which wa¥RAM flap in the recovery of respiratory function,
treated by bilateral pectoral advancement). Three of thevith the greatest improvement being seen postopera-
four cases of mediastinitis treated with VRAM flaps tively in the pectoralis group (4). However, they did not
survived. assess the respiratory function until approximately 10
We did not discharge our patients as soon as thenonths after reconstruction and they give us no
Emory group (Table 1V), and we believe this is becausanformation about the immediate postoperative phase
that we are studying. Kohman et al. described an
excellent respiratory recovery for all muscle flap
‘ reconstructions but they did not differentiate between
' VRAM and pectoral reconstructions (15). Ringelman
.| etal. (30) studied the functional result of muscle flap
reconstruction, and showed that 10/19 VRAM flaps
developed ventral abdominal weakness. Within their
group two cases developed true herniation. Interest-
ingly, two out of three of their omental flaps developed
epigastric hernias, and three pectoral flaps developed
epigastric hernias, but no percentage was given. They
also described a high rate of shoulder weakness in the
pectoral group, and loss of the anterior axillary fold.
In our study, where recordecdh € 10), the median
time for the cardiothoracic surgeons to refer the patient
- ~ to a plastic surgeon, once the wound had broken down
Fig. 1. Appearance of the flap after healing. or shown evidence of deep infection, was eight days.
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Table IV. Our results compared with those reported from Emory University Hospital
Data are number (%) and [total number] of patients except where otherwise stated.

Our study Emory University Hospitah =]
(n=12) Total numbers differ between measurement
VRAM flap 12 202 (30) [675]
Other flaps 0 473 (71) [675]
Death rate 1 33 (8) [409]
Flap failures 0 0 [409]
Partial flap loss 1 7 (4) [186]
Recurrent wound infection 2 12 (7) [186]
Wound closure complications 1 35 (19) [186]
Overall morbidity 3 47 (25) [186]

Average time to discharge after flap (days) Median 17 (range 8—85) Mean 12.4 years 1993-1996 [not given]

This was a median of 18 (9-36) days after sternotomy, a preventable complication? A 10-year review. Ann
which is slightly longer than that reported from Emory _ Thorac Surg 1999; 67: 462-465.
University Hospital. They have a well-established early 2- BOrger MA, RaoV, Weisel RD et al. Deep sternal wound

. infection: risk factors and outcomes. Ann Thorac Surg
referral pattern, and most patients were seen between 1998: 65: 1050—1056.

14 and 21 days after sternotomy. They emphasised thag pgray pw, Mahoney JL, Anastakis D, Yao JK. Sternot-
the speed of referral is of great importance to the omy infections: sternal salvage and the importance of
subsequent success of their reconstruction. sternal stability. Can J Surg 1996; 39: 297-301.

The issue as to when to refer sternal infections to the4. Cohen M, Yaniv Y, Weiss J et al. Median sternotomy
plastic surgical unit was discussed by Bray et al. (3). woun_d complication: the effect of reconstruction on lung
They put forward the case that sternal rewiring should _ function. Ann Plast Surg 1997; 39: 36-43. -
be the initial I f tin st | dehi 5. Coleman JJ Ill, Bostwick J Ill. Rectus abdominis

€ the inflial line of management In sternal AeniSCence,  ,scle-musculocutaneous flap in chest-wall reconstruc-
provided that sternal stability can b(_e achieved. Im-  tion. Surg Clin North Am 1989: 69: 1007—-1027.
portantly, they state that their patients were not 6. El Gamel A, Yonan NA, Hassan R et al. Treatment of
severely unwell. They also did not suggest any mediastinitis: early modified Robicsek closure and
predictive factors that could be used early to differ- ESSE”Z'&S 4”11312; advancement flaps. Ann Thorac Surg
entiate those patients that would not respond to this, ) 001 A=A, ) .
5/17, in their study. 7. Fansa H, Handstein S, Schneider W. Treatment of in-

g . fected median sternotomy wounds with a myocutaneous
Significantly, more of our patients had undergone |atissimus dorsi muscle flap. Scand Cardiovasc J 1998;
prior sternal wound revision or rewiring by the 32: 33-30.
cardiothoracic surgeons, 10/12 (83%), when compareds. Grant RT, Breitbart AS, Parnell V. Muscle flap recon-
to those of Emory (50%). They have positively struction of pediatric post sternotomy wound infections.
correlated this event with an increased risk of recurrent _ Ann Plast Surg 1997; 38: 365-370. _ _
sternal wound infection although their results did not 9- Hug0 NE, Sultan MR, Ascherman JA, Patsis MC, Smith

S . CR, Rose EA. Single-stage management of 74 con-
reach S'gn'f'cqnce' Of our 10 patients that had been secutive sternal wound complications with pectoralis
previously revised or rewired, two (20%) developed  major myocutaneous advancement flaps. Plast Reconstr
flap wound complications, one of whom (10%) died  surg 1994; 93: 1433-1434.
from sepsis. 10. lacobucci JJ, Stevenson TR, Hall JD, Deeb GM. Sternal

Probable risk factors have been identified in many osteomyelitis: treatment with rectus abdominis muscle.
studies over the past 30 years, both retrospective and Br J Plast Surg 1989; 42: 452-459.
prospective (1,2,12,17, 25,27). We have recordec}l' Jeevanandam V, Smith CR, Rose EA, Malm JR, Hugo

. . . . NE. Single-stage management of sternal wound infec-
many of these risk factors, seen in our own patients, in ;s 3 Thorac Cardiovasc Surg 1990; 99: 256-262.

a description of our preoperative morbidity (Table I1). 12 jones G, Jurkiewicz MJ, Bostwick J 11l et al. Manage-
It is also interesting to note that all our flap ment of the infected median sternotomy wound with
complications arose in those patients who had been in muscle flaps. The Emory 20-year experience. Ann Surg

the ICU before reconstruction. 1997, 225: 766-776. _ o
13. Julian OC, Lopes-Belio M. The median sternal incision

in intracardiac surgery with extracorporeal circulation: a
general evaluation of its use in heart surgery. Surgery
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