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Abstract

Study Design: Retrospective case series.

Objective: To determine predictive factors of overall survival (OS) and local recurrence (LR), report complications, and assess
the impact of complications on survival, recurrence, and function in patients undergoing en bloc resection of sacral chordoma.

Methods: This retrospective case series was obtained from a prospective database (1995-2016). All patients underwent en bloc
resection of sacral chordoma. Demographic, perioperative, and complication data were collected. Outcomes included: overall
survival(OS), local recurrence(LR), and complications. Survival analysis with multivariable cox regression was performed.

Results: Among 50 patients, median follow-up was 5.3 years (range¼ 1.3-17.2). The majority (82%) underwent a negative margin
resection. Survival: 17 patients died (34%) with a median OS of 10.0 years (range ¼ 1.3-17.2). Multivariable cox regression
revealed that a negative margin resection was not significantly associated with improved survival (HR¼ 3.35, 95%CI 0.87-12.80, P
¼ .078). Recurrence: 20 patients (40%) experienced LR with a median time of 6.2 years (range ¼ 0-16.9). Multivariable cox
regression revealed that a negative margin resection was associated with a significant decreased risk of LR (HR ¼ 4.96, 95%CI
1.84-13.34, P ¼ 0.002,). A 62% overall complication rate was seen (42% major), with 26% reoperation rate. Of the reoperations,
54% were delayed (>6 weeks after the index surgery). Multivariable cox regression demonstrated that neither major compli-
cation nor reoperation significantly impacted OS (HR ¼ 0.62, 95%CI 0.22-1.79, P ¼ 0.380), LR (HR ¼ 1.28, 95%CI 0.49-3.36, P ¼
0.611), or functional outcomes (OR ¼ 2.94, 95%CI 0.25-34.8, P ¼ 0.393).

Conclusions: Negative margin resection was associated with decreased LR. Neither major complication nor reoperation
significantly impacted OS, LR, or functional outcome. Though additional studies are needed, it appears that despite the morbidity
associated with sacral chordoma resection, the long-term clinical outcomes are favorable.
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Abbreviations
CI, confidence interval; EA, Enneking appropriate; EBL, estimated blood loss; EI, Enneking inappropriate; HR, hazard ratio; IQR,
interquartile range; LOS, length of stay; LR, local recurrence; MRI, magnetic resonance imaging; OR, odds ratio; OS, overall
survival; STROBE, strengthening the reporting of observational Studies in epidemiology; VRAM, vascularized rectus abdominus
myocutaneous

Introduction

Chordomas are primary bone tumors that arise from remnants

of the embryonic notochord and are found along the axial ske-

leton, most commonly in the sacrococcygeal region.1,2 The

incidence of chordoma is approximately 1 per 1,000,000.3,4

Sacral chordomas have limited response to radiation and che-

motherapy, and surgical resection has been the preferred treat-

ment. En bloc resection has been shown to decrease local

recurrence rates.1,5-7 Chordomas grow slowly and are often

diagnosed at large sizes making en bloc resection challenging.8

Moreover, the complex anatomy of the sacropelvic region and

juxtaposition of vital neural, vascular, and visceral structures

imbues these procedures with significant potential morbidity.

Though prior studies have reported predictive factors of

overall survival (OS) and local recurrence (LR), large series

of patients undergoing en bloc resection of sacral chordomas

are rare.5,6,9-24 Previously described predictive factors of OS

and LR have included high sacral location, age, extent of tumor

invasion, and previous intralesional surgery.10,11,14,17,25 Few

studies have focused on the perioperative morbidity associated

with these procedures,13 and several do not report complication

rates at all.12,15 Commonly reported complications include

wound dehiscence and/or wound infections,15,16 sacral frac-

tures,9 and perioperative mortality.11 The impact of periopera-

tive morbidity on OS and LR is unknown.13

In a group of patients undergoing en bloc resection of sacral

chordomas, the current study aimed to: 1) determine predictive

factors of overall survival (OS) and local recurrence (LR), 2)

report perioperative complications, and 3) assess the impact of

complications on OS, LR, and functional outcomes.

Methods

Study Design

The current single-institution, retrospective case series was

obtained from a prospectively maintained database between

January 1995 and June 2016. This ambispective design with

cross-sectional follow-up has been utilized in similar reports.15

Patients who underwent en bloc surgical resection of a patho-

logically confirmed sacral chordoma were included. Patients

with a chordoma of the mobile-spine, evidence of metastatic

disease, or non-chordoma sacral tumors were excluded. All

patients had a minimum of one-year follow-up. The study was

approved by the institutional review board, and the manuscript

adheres to the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) guidelines.26

Data Collection

Preoperative demographic and disease specific data points

were obtained. Chordoma staging was performed according

to the Enneking surgical staging system.27

Intraoperative and tumor specific variables were collected,

including operative time, estimated blood loss (EBL), fixation,

and length of stay (LOS). In the setting of staged operations,

total EBL and total operative time were summed. Though often

confused, the term en bloc resection refers to the surgeon’s

preoperative strategy to take out the tumor in 1 piece without

tumor capsule violation. Postoperatively, tumor resections are

evaluated pathologically with 1 of 3 terms: wide (tumor cap-

sule not violated with layer of surrounding tissue intact), mar-

ginal (tumor capsule not violated with no surrounding tissue),

or intralesional (tumor capsule violated). In keeping with prior

studies, tumor resection was classified as either Enneking

appropriate (EA), defined as a wide or marginal resection with

the tumor capsule intact, or Enneking inappropriate (EI),

defined as an intralesional resection with tumor capsule

violated.15,27 The term gross total resection means the tumor

was taken out in its entirety but does not comment on tumor

caspule violation, and thus was not used in our study. Resection

margins were independently assessed by a fellowship trained

pathologist. Level of nerve root sacrifice was noted, and in the

case of unilateral sacrifice, the most caudal level with bilateral

preserved nerve roots was reported.

All patients followed up on a regularly scheduled basis.

Magnetic resonance imaging (MRI) scans were obtained post-

operatively at 3 months, 6 months, 1 year, and yearly, there-

after. Pre—or post-surgical chemotherapy and/or radiation

were classified as adjuvant therapy. Pre and postoperative func-

tional outcomes were defined in 2 ways: motor (using Frankel

grade) and bowel/bladder function. Motor and bowel/bladder

function were also dichotomized into normal versus abnormal

function, and expected or unexpected, in keeping with the

method described by Biagini et al28,29 If the S1 nerve roots

were sacrificed, both motor and bowel/bladder deficits were

expected. If the S1 or S2 nerve roots were intact, no motor

deficits were expected, only loss of bowel/bladder function.

If the S3 nerve roots were the lowest preserved roots, no motor

or bowel/bladder deficits were expected.

To fully assess the magnitude of each complication, a major

and minor complication classification system was used.30

Complications were recorded as early (within 6 weeks) or

delayed (6 weeks or after).15 Reoperation was defined as sur-

gical intervention due to a complication from the index surgery

and similarly classified as early or delayed based on the same

time criteria. Wound-related complications were considered
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major only if they required reoperation. Neuropathic pain was

considered major only if a pain-related surgery was pursued.

Operative Approach

While the operative technique of sacral chordoma resection has

been described elsewhere31 and is beyond the scope of this

paper, the nuances of our multi-team approach warrant further

discussion. For medium sized tumors involving S2 and below,

a single-stage, posterior-only approach is typically utilized.

Along with the lead spine team, a colorectal surgeon assists

with mobilization of the rectum away from the presacral por-

tion of the tumor, known as the Kraske approach.32 The lateral

musculoligamentous structures including the gluteus and piri-

formis muscles, as well as the sacrotuberous and sacrospinous

ligmaments are divided to free the soft tissue attachments to the

sacrum. The bony amputation is then completed at the appro-

priate level, sparing the most caudal uninvolved nerve roots.

The plastic surgery team then closes with a gluteal advance-

ment flap.

For larger tumors involving S1 and above, a two-stage

approach is used. The first stage is anterior, with sacrifice of

the internal iliac vessels by our vascular surgeons. This is cru-

cial to avoid catastrophic bleeding during the second posterior

stage. After vessel sacrifice, the spine surgeon can make ante-

rior sacral cuts, as indicated, at the superior and lateral aspects

of the tumor. Care is taken to avoid injury to the lumbosacral

trunks running along the anterior sacrum. Lastly, the plastic

surgery team will harvest a vascularized rectus abdominus

myocutaneous (VRAM) flap, procured anteriorly and kept

deep in the pelvis for the second stage.33 The second stage is

similar to the posterior only approach, and involves a multi-

surgeon team carefully removing the tumor to avoid capsule

violation, and the VRAM flap is pulled posteriorly from the

pelvis to close the large soft tissue defect. All 2 stage resections

require lumbo-pelvic reconstruction.

Statistical Analysis

Descriptive statistical analysis was performed. Medians, inter-

quartile ranges (IQR), and ranges were calculated for contin-

uous variables. A survival analysis was completed according to

the method described by Kaplan and Meier.34 OS was defined

as the time from index operation to death. LR was defined as

time from index operation to radiographic recurrence. Obser-

vations were censored when patients were alive or tumor free.

Log-rank tests followed by univariate and multivariable cox

regression analyzes were completed to assess for predictors

and the impact of major complication and reoperation on OS

and LR. Logistic regression was used to assess for predictors of

reoperation and the impact of major complication and reopera-

tion on functional outcomes, controlling for age. Known cov-

ariates that have been shown to affect OS and LR in sacral

chordomas were controlled for, including age and motor func-

tion for OS and previous surgery and intralesional resection for

LR.15 In all models, any univariate P-value of <0.20 was

placed in the multivariable model. Odds ratios (ORs) for logis-

tic regression and hazard ratios (HRs) for cox regression with

95% confidence intervals (CIs) not containing 1.0 and P-value

of <0.05 were considered statistically significant. All statisti-

cal analysis was performed in STATA version 14 (College

Station, TX: StataCorp LP).

Results

Demographics & Perioperative Variables

Over half of the cohort was male (58%) with a median age of

60 years. Median follow-up was 5.3 years (1.3-17.2). The

majority of patients (82%) underwent an EA resection. Full

demographic, perioperative, and functional outcomes data are

described in Table 1.

In terms of functional outcomes, the number of patients

with motor deficits decreased from 8% preoperatively to 6%
postoperatively. Though 8 patients (16%) were expected to

have motor deficit given S1 nerve root sacrifice, only

3 patients (6%) had persistent motor deficits at last follow-

up. With intensive physical therapy and rehabilitation, the

remaining 5 patients regained plantar flexion and were able

to ambulate independently.

Similarly, many patients had pre-existing bowel/bladder

dysfunction, which increased postoperatively (46% to 68%).

Though 33 patients (66%) were expected to have bowel/bladder

dysfunction given S3 nerve root sacrifice, this number was

34 (68%). Of the 34 patients with post-op bowel/bladder dys-

function, new, unexpected bowel/bladder dysfunction occurred

in 1 patient (2%). Despite intact S3 nerve roots, this patient

harbored a large, low-lying pelvic tumor, and distal injury to the

pudendal nerves was likely responsible for the unexpected, per-

sistent bowel/bladder deficits. Despite the aim of surgery to be

curative, 17 patients (34%) unfortunately succumbed to their

disease at the time of census.

Overall Survival and Local Recurrence

Median OS was 10.0 years (range 1.3-17.2). For OS, log-rank

testing revealed a significant association between EA resection

and OS (P ¼ 0.016) (Figure 1A). Although no variables were

significant on multivariable analysis, type of resection

approached statistical significance, where EI resection (intrale-

sional margin) was associated with an increased risk of death

(HR ¼ 3.35, 95%CI 0.87, 12.80, P ¼ 0.078).

Median time to LR was 6.2 years (range 0-16.9). For LR,

log-rank testing also revealed a significant association between

EA resection and LR (P < 0.001) (Figure 1B). On multivari-

able analysis, only type of resection remained significant

(HR¼ 4.96 95%CI 1.84, 13.34, P¼ 0.002), where EI resection

(intralesional margin) was associated with an increased risk of

LR. Univariate and multivariable models of prognostic factors

are summarized Table 2.
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Complications

All types of complications—major, minor, early, delayed—

were included in the final analysis (Table 1). An overall com-

plication rate of 62% was observed in 31 patients, and 21

patients (42%) experienced a major complication. Thirteen

patients (26%) required reoperation related to the index sur-

gery, 7 of which (14%) were delayed reoperation (>6 weeks

post operatively). All 7 delayed complications required reo-

peration: instrumentation revision (2), lumbopelvic fixation

after sacral insufficiency fracture (2), pain procedures (2), and

loop jejunostomy for a bowel perforation (1). Sixteen patients

(32%) experienced wound dehiscence/infection or seroma at

the surgical site, 5 of which required reoperation. Two patients

(4%) experienced a symptomatic pseudomeningocele, 1 of

which required surgical repair. Ten patients (20%) experienced

neuropathic pain postoperatively, and 2 patients required a

spinal cord stimulator and intrathecal pain pump, respectively.

Neuropathic pain was primarily managed with medications.

Nine patients (18%) experienced yeast infections or urinary

tract infections (UTIs). All complications are itemized in

Table 3. There were no mortalities.

Table 1. Preoperative and Perioperative Variables; Functional Motor and Bowel/Bladder Outcomes; Complication and Long-Term Follow-Up.

Preoperative and perioperative variables

Preoperative Value Perioperative variable Value

Male, n (%) 29 (58) En bloc resection, n (%) 50/50 (100)
Age, (years)

Median (IQR)
Range

60 (37-80)
20-86

Staged, n (%) N ¼ 45
14/45 (31)

Diagnosis, n (%)
Pain
Neurologic deficit
Incidental

42 (84)
5 (10)
3 (6)

Median operative time, (minutes)
Median (IQR)
Range

N ¼ 44
622 (338-1856)

292-2501

Histology, n (%)
Conventional
Chondroid
Differentiated
Dedifferentiated

46 (92)
2 (4)
1 (2)
1 (2)

Estimated blood loss, (cc)
Median (IQR)
Range

N ¼ 49
2000 (400-11 500)

200-20 300

Enneking Preoperative Staging, n (%)
Ib
IIb
IIIb

48 (96)
1 (2)
1 (2)

Margin, n (%)
Wide
Marginal
Intralesional

41 (82)
6 (12)
3 (6)

Biopsy, n (%) 47 (94) Type of resection, n (%)
Enneking appropriate (EA)
Enneking inappropriate (EI)

41 (82)
9 (18)

Previous surgery, n (%)
Resection
Open biopsy

5 (10)
4 (8)

Stabilization, n (%) 10 (20)
Most caudal intact nerve root, n (%)
L5
S1
S2
S3

8 (16)
13 (26)
12 (24)
17 (34)

Length of stay, (days)
Median (IQR)
Range

25 (8-91)
4-150

Functional outcomes
Preop neurologic deficit, n (%)

Motor deficit
Bowel/bladder deficit

4 (8)
23 (46)

Postop neurologic deficit, n (%)
Motor deficit
Bowel/bladder deficit

3 (6)
34 (68)

Long-term outcomes and complications
Complication, n (%)

Minor total
Major total
Minor only
Major only
Delayed

31 (62)
21 (42)
21 (42)
10 (20)
10 (20)
7 (14)

Reoperation, n (%)
Early Reoperation, n (%)
Wound revision
Pseudomeningocele repair
Delayed Reoperation, n (%)
Instrumentation revision
Pain procedure
Lumbopelvic fixation
Loop jejunostomy

13 (26)
N ¼ 6 (12)

5 (38)
1 (8)

N ¼ 7 (14)
2 (15)
2 (15)
2 (15)
1 (8)

Postsurgical adjuvant treatment, n (%) 13 (27)
Local recurrence, n (%) 20 (41)
Death, n (%) 17 (34)
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Several a-priori factors were chosen to assess their associa-

tion with a complication requiring reoperation on univariate

and multivariable analyzes (Table 4). Three variables achieved

a P-value of <0.20 and were included in a multivariable anal-

ysis, yet none achieved statistical significance. The same anal-

ysis was done to test an association with any general

complication and no significant predictors were found.

Impact of Complications on Survival, Recurrence, and
Function

No significant difference was found in OS between those who

experienced a major complication (P ¼ 0.795) or reoperation

(P ¼ 0.647) compared to those without on log-rank testing

(Figure 2A-B). Controlling for age and motor function,15 no

significant effect was found of major complication (HR 0.62,

95%CI 0.22-1.79, P ¼ 0.380) or reoperation on OS (HR 0.51,

95%CI 0.16-1.63, P ¼ 0.253).

For LR, there was no difference among those who ex-

perienced a major complication (P ¼ 0.537) or reopera-

tion (P ¼ 0.632) compared to those without on log-rank

testing (Figure 3A-B). Controlling for previous surgery

and intralesional resection,15 no significant difference was

found of major complication (HR 1.28, 95%CI 0.49-3.36,

P ¼ 0.611) or reoperation (HR 0.55, 95%CI 0.17-1.79,

P ¼ 0.320) on LR.

In terms of functional outcomes, we found no significant

difference in motor function in those who experienced

a major complication (OR 2.94, 95%CI 0.25, 34.8,

P ¼ 0.393) or those who required reoperation. There were

no patients with motor deficits who required reoperation. In

comparing those who experienced a postoperative bowel/

bladder deficit, we found no significant difference in those

who experienced a major complication (OR 0.62, 95%CI

0.19, 2.05, P ¼ 0.430) or required revision surgery (OR

1.81, 95%CI 0.42, 7.75, P ¼ 0.426).

Figure 1. (A) Type of resection versus OS; (B) Type of resection versus LR.

Table 2. Predictors of OS and LR.

Overall survival Local recurrence

Variables*

Univariate Multivariable Univariate Multivariable

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Previous spine tumor
operation
No (41)
Yes (9)

REF
2.29 (0.73, 7.23) .158

REF
1.00 (0.23, 4.38) .995

REF
1.39 (0.46, 4.17) .559

– –

Cauda equina syndrome
No (31)
Yes (19)

REF
1.09 (0.40, 2.93) .871

– – REF
1.94 (0.81, 4.67) .139

REF
1.53 (0.59, 3.96) .376

Volume
�250 cc
>250 cc

REF
1.09 (0.40, 2.88) .864

– – REF
1.84 (0.76, 4.44) .173

REF
1.34 (0.51, 3.48) .550

Type of resection
EA (41)
EI (9)

REF
3.34 (1.18, 9.46) .023

REF
3.35 (0.87, 12.80) .078

REF
5.63 (2.15, 14.70) <0.001*

REF
4.96 (1.84, 13.34) .002***

* The following factors were not significant on univariate analysis for either OS/LR and are not pictured, age (�65), preoperative motor deficit (yes/no), most
caudal intact bilateral nerve root (�S1), reconstruction performed (yes/no).
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Discussion

En bloc resection of sacral chordoma is a technically demand-

ing operation with potential for long term benefit but high

morbidity. Many single and multi-institution studies have

reported predictors of OS and LR5,6,9-24; however, complica-

tion data and their effect on survival, recurrence, and

functional outcome are rarely included. In the present series,

a negative margin resection was associated with a signifi-

cantly decreased risk of LR but did not maintain significance

for OS. Sixty-two percent of patients experienced a complica-

tion and 26% required reoperation. However, neither major

complication nor reoperation significantly impacted OS, LR,

or functional outcome. Thus, in this single-institution series

Table 3. Postoperative Course in 31 Patients Who Experienced A Complication.

# Age/sex Minor complication Major complication Reoperation

1 80F Seroma – –
2 59F – Pseudomeningocle Pseudomeningocele repair
3 56M – Wound dehiscence/infection Wound revision
4 64M Neuropathic pain

Superficial wound dehiscence/infection
Yeast infection

– –

5 50M Neuropathic pain
Yeast infection

Instrumentation failure
Wound dehiscence/infection

Instrumentation revision (Delayed)

6 55F Delirium Bowel obstruction
Instrumentation failure
Wound dehiscence/infection

Instrumentation revision (Delayed)

7 72F Neuropathic pain
Pneumonia

– —

8 80F Oral thrush
UTI

– –

9 55M Ileus
Neuropathic pain

– –

10 67M Superficial wound dehiscence/infection – –
11 72F – Wound dehiscence/infection Wound revision
12 56M – Neuropathic pain Spinal cord stimulator (Delayed)
13 60M Delirium – –
14 – Cardiac
15 53F Ileus Sacral fracture

Wound dehiscence/infection
Lumbopelvic fixation (Delayed)

16 53M Neuropathic pain
UTI

Vascular injury –

17 80F UTI
Superficial wound dehiscence/infection

– –

18 65F UTI Injury S1 nerve root –
19 55F – Sacral fracture Lumbopelvic fixation (Delayed)
20 71M Neuropathic pain Pelvic abscess –
21 37M – Bowel perforation

GI bleed
Sepsis
Wound dehiscence/infection

Loop jejunostomy (Delayed)

22 64M – Seroma
Wound dehiscence/infection

Wound revision

23 63F UTI
Neuropathic pain

SI joint infection
Wound dehiscence/infection

Wound revision

24 61F Pseudomeningocele –
25 53M Neuropathic pain Vascular injury –
26 81F Vaginal infection Neuropathic pain Intrathecal pain pump (Delayed)
27 20M Superficial wound dehiscence/infection Bowel injury –
28 72M Seroma

Yeast infection
Cardiac –

29 58M UTI
Pneumonia
Seroma

– –

30 70M – Genitalia skin breakdown –
31 77M – Wound dehiscence/infection Wound revision
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from a major cancer center with long-term follow-up, it

appears that the inherently high surgical morbidity associated

with these operations does not significantly alter the benefit of

en bloc resection with respect to survival, recurrence, and

functional outcome.

In 1 of the largest studies to date of 167 patients with surgi-

cally treated sacral chordomas, Varga et al15 found that age and

impaired motor function predicted OS, and previous tumor

surgery and type of surgical resection predicted LR.15 The type

of resection (EA vs. EI) was not significantly associated with

Table 4. Predictors of Complication Requiring Reoperation.

Variables*

Univariate Multivariable

OR (95% CI) P-value OR (95%CI) P-value

Previous spine tumor operation
No (41)
Yes (9)

REF
2.84 (0.63, 12.86) .174

REF
1.80 (0.29, 11.04) .524

Operative time (OT)
<8 hours (14)
8 to <13 hours (16)
�13 hours (20)

REF
0.17 (0.12, 1.72)
1.67 (0.39, 7.21)

.132

.494

REF
0.14 (0.01, 1.52)
1.56 (0.78, 22.12)

.106

.587
Adjuvant treatment

No (39)
Yes (11)

REF
3.23 (0.78, 13.34) .105

REF
4.15 (0.78, 22.12) .096

* The following factors were not significant on univariate analysis for complications and are not pictured, age (�65), staged (yes/no), estimated blood loss (<1L vs.
1-4 L vs. �4L), most caudal intact bilateral nerve root (�S1), resection type (EA vs. EI), reconstruction performed (yes/no), length of stay (�30 days).

Figure 2. (A) Impact of major complication on OS; (B) impact of reoperation on OS.

Figure 3. (A) Impact of major complication on LR; (B) impact of reoperation on LR.
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OS, but this may have been due to short mean follow-up of 3.2

years. Their results are similar to our analysis, in that the mar-

gin of resection trended toward a significant impact on OS yet

was found to significantly influence LR. As earlier studies have

confirmed, we believe that LR is more easily impacted than OS

because surgery has the greatest ability to affect tumor recur-

rence locally, at the site where the operation was performed.

However, OS is a much harder variable to impact because

many factors have an impact on one’s lifespan, such as age,

comorbidities, overall health state, other cancers, and meta-

static spread of the chordoma itself. Despite fewer patients, our

median and average follow-up was longer at 5.3 years and 5.8

years, respectively. Other prognostic factors reported in large

series include high sacral localization,17 age,10,14 and extent of

tumor invasion14 for OS, and age,10,17 lack of radiotherapy,19

and previous intralesional surgery25 for LR. In our series, while

previous operation for OS and functional deficits and tumor

size for LR were significant after univariate cox regression

analysis, none of these factors maintained significance on mul-

tivariable testing.

Despite robust prognostic survival and recurrence data, the

surgical morbidity of these operations remains relatively

understudied; however, more recent studies have begun to

report more complete complication data. In our review of stud-

ies reporting surgical treatment of sacral chordomas with a

minimum of 30 patients, 8 of 11 studies reported complications

and 6 had some form of complication analyzes (Table 5).35 In

the single study that included quality of life data, Schwab

et al36 reported that complications did not significantly affect

quality of life, measured with the EQ-5D. The most common

complications were wound dehiscence/infection; rates varied

from 17%16 to 70%,25 and our rate (32%) falls within this

range. Ruggieri et al13 reported that 23 of 52 patients (44%)

had wound infections requiring surgical debridement. The

authors concluded that prolonged operative time conferred a

higher risk of deep infection, and after surgical debridement

and antibiotics, all infections healed well. Ji and colleagues37

found that the 31 patients receiving radiotherapy had a higher

risk of infection (P< 0.0001) compared to those without radio-

therapy. In our series, plastic surgery was involved in each of

the index surgeries, often placing a vascularized flap. The most

common flap used was a gluteal advancement. For the larger

tumors approached in a 2-stage anterior/posterior procedure, a

VRAM flap, procured anteriorly and pulled through the pelvis

during the second posterior stage, was used.33 Cerebrospinal

fluid leaks were common, ranging from 2%10 to 9%16 in the

literature, compared to 4% in the present series.

We were not able to detect any statistically significant pre-

dictors of complications, in general, nor those that required

reoperation. Patients who received neoadjuvant/adjuvant ther-

apy had an increased likelihood of reoperation compared to

those who did not receive therapy, but this did not reach sta-

tistical significance. Similar to other reports,13 neither intrale-

sional resection, tumor volume, nor age significantly

influenced the risk of reoperation.13 Two patients in our series

required lumbopelvic fixation in a delayed fashion. Early

biomechanical studies by Gunterberg38 and others39,40 have

shown that lumbopelvic stabilization should be strongly con-

sidered after sacral amputations extending above the S1-2 junc-

tion. The 2 patients in our series who required lumbopelvic

fixation both had high sacral amputations at the S1-2 junction

and were left with a thin isthmus. Our experience has caused us

to be more aggressive in placing instrumentation for tumor

resections at the S1-2 level, particularly in patients anticipated

to receive postoperative radiation.

To our knowledge, only 2 studies have correlated compli-

cations with survival, recurrence, or functional outcome. Rug-

gieri et al13 reported actuarial survival and infection data but

comparison between those with infection to those without was

not included. In a study of 58 patients undergoing operative

management of sacral chordomas, Kayani et al16 stated that

though the incidence of complications did not influence LR or

metastases, complications were associated with reduced sur-

vival. No statistical analysis was included and limited infor-

mation was reported regarding complications. With respect to

functional outcomes in our series, no unexpected motor def-

icits were seen, and in many instances, total sacrectomy

patients with sectioning of the S1 nerve root maintained/

regained plantar flexion and were able to ambulate indepen-

dently. One patient had unexpected bowel/bladder dysfunc-

tion despite maintenance of the S3 nerve roots, likely due to

inadvertent injury to the distal pudendal nerves. Our results

indicate that though deficits occurred, no added decrease in

function was seen if a major complication or revision opera-

tion occurred.

The current study is not without limitation. This case series

was drawn from a prospectively maintained spine database;

however, the data was retrospectively analyzed. The inherent

limitations of a retrospective analysis were present in our

study, including missing data and reliance on routine clinical

visits to extract specific data points. Some treatment informa-

tion dated back to the late 1990s, and paper charts were

reviewed to collect necessary data, which is likely less reli-

able than an electronic medical record. Secular trends in

sacral chordoma management were not accounted for in our

statistical modeling. Another limitation is that all patients

were treated at a single institution, thus all clinical decision-

making is subject to institutional treatment preferences/

biases. It must be mentioned that while we were able to record

whether adjuvant therapy was administered, detailed informa-

tion about this therapy (type, dose, timing) was unfortunately

not available. Adjuvant treatment of chordoma is heavily reli-

ant on proton beam and/or stereotactic radiation, and not

knowing this information significantly hinders our conclu-

sions. In future studies, all adjuvant therapies should be noted

in detail, especially what type is given, before or after surgical

intervention, and any radiation associated complications.

Lastly, the sample size was small for a multivariate analysis,

which may have led to an underpowered study, wide confi-

dence intervals, and a lack of precision. With a larger sample

size, different statistical findings may be seen.
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Conclusions

In considering patients for en bloc resection of sacral chor-

doma, it is important to understand the rationale for these

aggressive procedures and to appreciate the potential for com-

plications. In the current single-institution series, a negative

margin resection significantly reduced the rate of local recur-

rence. In assessing the impact of major, minor, early, and

Table 5. Studies Reporting Complications After Surgical Resection of Sacral Chordomas; Limited to Studies of N �30.

Author N
Setting;
year

Complications
reported* Complication analysis* Note

Palthe et al, 2019 101 Single-institution
1978-2013

Y Bivariate analysis found no predictor of
infection.

� Complication data available
on 47 patients only

� Deep infection 32%
� Wound dehiscence 16%
� Partial flap necrosis 6%
� Hardware failure 17%
� Sacral fracture 30%
� DVT 2%
� CSF leak 2%

Ji et al, 2017 115 Single-institution
2003-2012

Y Of the 31 patients receiving radiotherapy, 11
developed a wound infection, which
required soft tissue reconstruction. Patients
receiving radiotherapy had higher risk of
infection (P < 0.0001)

� Wound dehiscence 17%
� Wound infection 10%
� CSF leak 10%
� Rectal fistula 3%
� Hardware failure 12%

Schwab et al, 2017 48 Single-institution
2000-2015

Y Complications did not significantly affect
quality of life through EQ-5D-3L

� Local complications 42%
� Total complications 52%
� Unplanned reoperation 32%
� Dural tear 13%
� DVT 19%
� Pneumonia 13%

Radaelli et al, 2016 99 Dual-institution
1981-2012

N N � –

Angelina et al, 2015 71 Single-institution
1976-2011

Y Lower wound dehiscence with vertical
longitudinal approach (25%) compared to
triradiate (76%), “Mercedes” (68%), or
transverse (62%); no statistical analysis

� Death 4%
� Wound dehiscence 57%
� Infection 41%
� Permanent motor deficit 7%
� Sacral fracture (4%)

Kayani et al, 2015 58 Single-institution
1998-2013

Y Complications associated with OS; no
statistical analysis

� Wound infection 17%
� Wound debridement 3%
� DVT 3%
� CSF leak 9%

Varga et al, 2015 167 Tumor registry
–

N N � –

McGirt et al, 2011 67 Cancer Registry
1973-2003

N N � –

Ruggieri et al, 2000 56 Single-institution
1976-2006

Y N � Death 5%
� Wound dehiscence 70%
� Infection 45%
� CSF fistula 6%
� Sacral fracture 6%
� Pelvic fracture 6%

Fuchs et al, 2005 52 Single-institution
1980-2001

Y N � Wound revision 29%
� Local flap 4%
� Pelvic fracture 6%
� Delayed colostomy 6%
� CSF leak repair 2%
� Knee disarticulation 1%

Bergh et al, 2000 30 Single-institution
1963-1998

Y � 6/18 (33%) with S1/2 tumors had sacral
fractures

� No patients with resection below S2 had
sacral fracture

� All patients who lost S1 nerves had some
preserved amount of plantar flexion

� Delayed colostomy 7%
� Sacral fracture 20%
� Motor deficit 3%
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delayed complications, neither major complication nor reo-

peration significantly impacted OS, LR, or functional outcome.

Thus, it appears that the inherently high surgical morbidity

associated with these invasive operations does not adversely

alter the trajectory of survival and recurrence.

Author’s Note

This work was presented at the 2017 AANS/CNS Spine concerning

the materials or methods used in this study or the findings specified in

this paper. The authors have no personal or institutional financial

interest in drugs, materials, or devices described in their submissions.

Section Meeting in Las Vegas, NV.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Scott L. Zuckerman, MD, MPH https://orcid.org/0000-0003-2951-

2942

References

1. Sciubba DM, Chi JH, Rhines LD, Gokaslan ZL. Chordoma of the

spinal column. Neurosurg Clin N Am. 2008;19(1):5-15.

2. Kayani B, Hanna SA, Sewell MD, Saifuddin A, Molloy S, Briggs

TW. A review of the surgical management of sacral chordoma.

Eur J Surg Oncol. 2014;40(11):1412-1420.

3. Chugh R, Tawbi H, Lucas DR, Biermann JS, Schuetze SM, Baker

LH. Chordoma: the nonsarcoma primary bone tumor. Oncologist.

2007;12(11):1344-1350.

4. McMaster ML, Goldstein AM, Bromley CM, Ishibe N, Parry DM.

Chordoma: incidence and survival patterns in the United States,

1973-1995. Cancer Causes Control. 2001;12(1):1-11.

5. Hanna SA, Aston WJ, Briggs TW, Cannon SR, Saifuddin A.

Sacral chordoma: can local recurrence after sacrectomy be pre-

dicted? Clin Orthop Relat Res. 2008;466(9):2217-2223.

6. Baratti D, Gronchi A, Pennacchioli E, et al. Chordoma: natural

history and results in 28 patients treated at a single institution. Ann

Surg Oncol. 2003;10(3):291-296.

7. Schwab JH, Healey JH, Rose P, Casas-Ganem J, Boland PJ. The

surgical management of sacral chordomas. Spine (Phila Pa 1976).

2009;34(24):2700-2704.

8. Gokaslan ZL, Zadnik PL, Sciubba DM, et al. Mobile spine chor-

doma: results of 166 patients from the AOSpine Knowledge

Forum Tumor database. J Neurosurg Spine. 2016;24(4):644-651.

9. Bergh P, Kindblom LG, Gunterberg B, Remotti F, Ryd W, Meis-

Kindblom JM. Prognostic factors in chordoma of the sacrum and

mobile spine: a study of 39 patients. Cancer. 2000;88(9):

2122-2134.

10. Fuchs B, Dickey ID, Yaszemski MJ, Inwards CY, Sim FH. Opera-

tive management of sacral chordoma. J Bone Joint Surg Am.

2005;87(10):2211-2216.

11. Angelini A, Pala E, Calabro T, Maraldi M, Ruggieri P. Prognostic

factors in surgical resection of sacral chordoma. J Surg Oncol.

2015;112(4):344-351.

12. Radaelli S, Stacchiotti S, Ruggieri P, et al. Sacral chordoma: long-

term outcome of a large series of patients surgically treated at two

reference centers. Spine (Phila Pa 1976). 2016;41(12):

1049-1057.

13. Ruggieri P, Angelini A, Pala E, Mercuri M. Infections in surgery

of primary tumors of the sacrum. Spine (Phila Pa 1976). 2012;

37(5):420-428.

14. McGirt MJ, Gokaslan ZL, Chaichana KL. Preoperative grading

scale to predict survival in patients undergoing resection of malig-

nant primary osseous spinal neoplasms. Spine J. 2011;11(3):

190-196.

15. Varga PP, Szoverfi Z, Fisher CG, et al. Surgical treatment of

sacral chordoma: prognostic variables for local recurrence and

overall survival. Eur Spine J. 2015;24(5):1092-1101.

16. Kayani B, Sewell MD, Tan KA, et al. Prognostic factors in the

operative management of sacral chordomas. World Neurosurg.

2015;84(5):1354-1361.

17. Cheng EY, Ozerdemoglu RA, Transfeldt EE, Thompson RC Jr.

Lumbosacral chordoma. Prognostic factors and treatment. Spine

(Phila Pa 1976). 1999;24(16):1639-1645.

18. Ruosi C, Colella G, Di Donato SL, Granata F, Di Salvatore MG,

Fazioli F. Surgical treatment of sacral chordoma: survival and

prognostic factors. Eur Spine J. 2015;24( Suppl 7):912-917.

19. York JE, Kaczaraj A, Abi-Said D, et al. Sacral chordoma: 40-year

experience at a major cancer center. Neurosurgery. 1999;44(1):

74-79.

20. Thieblemont C, Biron P, Rocher F, et al. Prognostic factors in

chordoma: role of postoperative radiotherapy. Eur J Cancer.

1995;31A(13-14):2255-2259.

21. Yonemoto T, Tatezaki S, Takenouchi T, Ishii T, Satoh T, Moriya

H. The surgical management of sacrococcygeal chordoma. Can-

cer. 1999;85(4):878-883.

22. Park L, Delaney TF, Liebsch NJ, et al. Sacral chordomas: impact

of high-dose proton/photon-beam radiation therapy combined

with or without surgery for primary versus recurrent tumor. Int

J Radiat Oncol Biol Phys. 2006;65(5):1514-1521.

23. Hulen CA, Temple HT, Fox WP, Sama AA, Green BA, Eis-

mont FJ. Oncologic and functional outcome following sacrect-

omy for sacral chordoma. J Bone Joint Surg Am. 2006;88(7):

1532-1539.

24. Ahmed AR. Safety margins in resection of sacral chordoma:

analysis of 18 patients. Arch Orthop Trauma Surg. 2009;129(4):

483-487.

25. Ruggieri P, Angelini A, Ussia G, Montalti M, Mercuri M. Surgi-

cal margins and local control in resection of sacral chordomas.

Clin Orthop Relat Res. 2010;468(11):2939-2947.

26. von Elm E, Altman DG, Egger M, et al. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

statement: guidelines for reporting observational studies. Lancet.

2007;370(9596):1453-1457.

27. Fisher CG, Saravanja DD, Dvorak MF, et al. Surgical manage-

ment of primary bone tumors of the spine: validation of an

Zuckerman et al 749

https://orcid.org/0000-0003-2951-2942
https://orcid.org/0000-0003-2951-2942
https://orcid.org/0000-0003-2951-2942
https://orcid.org/0000-0003-2951-2942


approach to enhance cure and reduce local recurrence. Spine

(Phila Pa 1976). 2011;36(10):830-836.

28. Biagini R, Ruggieri P, Mercuri M, et al. Neurologic deficit after

resection of the sacrum. Chir Organi Mov. 1997;82(4):357-372.

29. Fourney DR, Rhines LD, Hentschel SJ, et al. En bloc resection of

primary sacral tumors: classification of surgical approaches and

outcome. J Neurosurg Spine. 2005;3(2):111-122.

30. Glassman SD, Hamill CL, Bridwell KH, Schwab FJ, Dimar JR,

Lowe TG. The impact of perioperative complications on clinical

outcome in adult deformity surgery. Spine (Phila Pa 1976). 2007;

32(24):2764-2770.

31. Bohinski RJ, Mendel E, Rhines LD. Novel use of a threadwire

saw for high sacral amputation. Technical note and description of

operative technique. J Neurosurg Spine. 2005;3(1):71-78.

32. Goncalves VM, Lima A, Giria J, Carvalho N, Parreira J, Cunha

ESM. Modified Kraske procedure with mid-sacrectomy and coc-

cygectomy for en bloc excision of sacral giant cell tumors. Case

Rep Surg. 2014;2014:834537.

33. Garvey PB, Clemens MW, Rhines LD, Sacks JM. Vertical rectus

abdominis musculocutaneous flow-through flap to a free fibula

flap for total sacrectomy reconstruction. Microsurgery. 2013;

33(1):32-38.

34. Kaplan EL, Meier P. Nonparametric estimation from incomplete

observations. J Amer Statist Assn. 1958;53(282):457-481.

35. van Wulfften Palthe ODR, Tromp I, Ferreira A, et al. Sacral

chordoma: a clinical review of 101 cases with 30-year experience

in a single institution. Spine J. 2019;19(5):869-879.

36. Schwab JH, Janssen SJ, Paulino Pereira NR, et al. Quality of life

after resection of a chordoma of the mobile spine. Bone Joint J.

2017;99-B(7):979-986.

37. Ji T, Guo W, Yang R, Tang X, Wang Y, Huang L. What are the

conditional survival and functional outcomes after surgical treat-

ment of 115 patients with sacral chordoma? Clin Orthop Relat

Res. 2017;475(3):620-630.

38. Gunterberg B, Romanus B, Stener B.Pelvic strength after major

amputation of the sacrum. An exerimental study. Acta Orthop

Scand. 1976;47(6):635-642.

39. Hugate RR Jr, Dickey ID, Phimolsarnti R, Yaszemski MJ, Sim

FH. Mechanical effects of partial sacrectomy: when is reconstruc-

tion necessary? Clin Orthop Relat Res. 2006;450:82-88.

40. Yu B, Zheng Z, Zhuang X, et al. Biomechanical effects of trans-

verse partial sacrectomy on the sacroiliac joints: an in vitro human

cadaveric investigation of the borderline of sacroiliac joint

instability. Spine (Phila Pa 1976). 2009;34(13):1370-1375.

750 Global Spine Journal 11(5)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


