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Distal Medullary Canal Decompression in Long Stem Hip Replacement in

Long Bone Metastasis
Does it Reduce Cardiopulmonary Complications?

Abstract

Background: The femur is the most common long bone affected by metastatic bone disease, with 25%
involving the proximal third of the femur. Long stem cemented hip replacement (LHR) is an important
option for cases of impending fracture. Pulmonary embolism is a critical complication that can occur.
This study evaluates the effectiveness of distal femoral canal decompression in reducing the risk of
cardiopulmonary events. Materials and Methods: Thirty two patients with metastatic bone disease of
the proximal femur undergoing LHR were recruited and randomized. Conventional technique was used
in 16 cases and distal decompression of the medullary canal was carried out for the other 16 patients.
The decompression was carried out through a trocar inserted into the distal medullary canal, connected
to a vacuum suction. Quantity of emboli was detected through A4 chambers transesophageal
echocardiography; the blood pressure and oxygen saturation readings were also recorded. Results: The
decompression group experienced significantly lower Grade 2 and Grade 3 embolic events compared to
the conventional group (11 vs. 26), and the duration of the embolic phenomena was shorter. Insertion
of the stem and relocating the hip gave the highest amount embolic events. There was a significant
drop in systolic blood pressure (SBP) in 12 out of 16 patients (75.0%) in the conventional group and
5 out of 16 patients in the decompression group (31.3%). This is statically significant (P = 0.0124).
The average drop in SBP for the conventional group is 45.8 mmHg and the decompression group was
32.9 mmHg. Oxygen saturation remained at above 96% in the decompression group. However, in the
conventional group, 25% of the patients had their oxygen saturation drop to below 96% during the
insertion of stem and relocation of hip joint. Conclusion: Distal femoral canal decompression is an
effective method in reducing the risk of cardiopulmonary embolic events associated with LHR.
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Introduction

Metastatic bone disease affects >1.2 million
new patients diagnosed annually with cancer,
and >50% will eventually demonstrate
skeletal metastasis.! After the lungs and
liver, the skeleton is the most common
site  of metastatic disease.>® Metastatic
bone disease is a major contributor to
the deterioration of the quality of life of
patients with cancer, as it causes pain and
pathological fractures, which leads to the
loss of function and may also be associated
with considerable metabolic alterations.*

Femur is the most common long bone
affected by metastatic bone disease,
with 25% of the cases involving the
proximal third of the femur. Femoral
bone metastasis are most frequently
located in the cancellous bone of the

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

proximal femur, an area subjected to high
biomechanical loads, resulting in frequent
pathologic fracture through this region.’
The authors prefer the use of a cemented
long stem hip replacement as a surgical
option for the management of impending
fractures and pathological fractures for
cases involving the femoral head, neck,
and intertrochanteric area. This provides
immediate stability and a durable construct
that allows early weight bearing and return
to function. This in return has a significant
impact on the quality of patients’ life.®

A lethal complication of this technique
is the development of cardiopulmonary
embolism.” This is due to the passage of
normal marrow contents or tumor into the
pulmonary circulation, resulting in various
biochemical, hemodynamic, or physical
responses, which lead to hypotension,
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arrhythmia, and O, desaturation. Cemented femoral
components are commonly used to provide structural
support to the weakened bone, and it contributes to a
decreased implant failure rate.® For these cases, a long stem
femoral component is commonly used to cover the entire
length of the femur.

However, cemented femoral arthroplasty is also known
to cause perioperative cardiopulmonary complications.’
Cement-associated ~ desaturation ~ and  hypotension,
pulmonary hypertension, cardiogenic shock, cardiac arrest,
and intraoperative death are complications that can occur
during reaming, femoral cementation, and component
placement secondary to canal pressurization.’

There have been studies on various methods used to
reduce the cardiopulmonary complications such as low-
viscosity cement, proximal intramedullary venting,
retrograde injection, thorough intramedullary lavage, and
intraoperative canal suctioning during cementing.'” So
far, there have been encouraging results from proximal
decompressing and distal decompression during a standard
total hip replacement.!! However, there is no published
literature on distal decompression in long stem total
hip replacement in patients with metastatic long bone
disease. This is a study to determine the quantum of
emboli produced, the procedure during the surgery during
which the emboli are produced and the advantages of
distal canal decompression in cases of long stem total hip
replacement. We hypothesize that distal decompression of
the femoral canal will significantly reduce the incidence of
cardiopulmonary complications.

Materials and Methods

This prospective study was conducted at our center from
January 1, 2011, to December 31, 2011. All the patients
with proximal femur bone metastasis scheduled for a
long stem total hip replacement or a long stem bipolar
replacement were recruited in the study. The length of
femoral stems ranged from 250 to 300 mm. Patients with
preexisting deep vein thrombosis or history of pulmonary
embolism were excluded from the study. Ethical Committee
approval was obtained for this study (MEC: 727.67).

The patients were randomized into two groups by drawing
lots. In Group A, long stem hip arthroplasty was performed
using the conventional method (n = 16; 11 total hip
replacements and 5 bipolar hemiarthroplasties). In Group B,
long stem hip arthroplasty was done using decompression
through a trocar that is inserted into the distal part of
the femoral canal (lateral femoral condyle) (n = 16; 11
total hip replacements and 5 bipolar hemiarthroplasties).
The trocar is connected to a suction applying 60 kPa
continuous negative pressure throughout the surgery to
reduce intramedullary pressure. The cement used was low
viscosity cement and the cement was injected into the
liquid form without compression. No cement restrictor was

used. For all the cases of long stem total hip replacement,
flanged cemented cups were used.

In both groups of patients, the duration and size of
embolisms passing through heart were measured using
transesophageal four-chamber echocardiography by a
consultant cardiologist during each step of the operation.
The transesophageal echo is proven more reliable
compared to transthoracic echo.'? It was conducted by the
same cardiologist to minimize the intraobserver error. The
observations were confirmed by two other independent

observers present during the surgery to minimize
intraobserver variations.
The surgery was divided into four major phases:

1 - reaming of the acetabulum, 2 - cementation of the cup,
3 - reaming of the femoral canal, and 4 - cementation of
femoral canal, insertion of the stem and relocation of the
hip joint. The embolic events were correlated to each of
these operation steps.

All patients received general anesthesia. No thromboembolic
chemoprophylaxis was given to all patients, but all
patients were given a mechanical form of deep vein
thrombosis prophylaxis (graded compressive stockings) in
the postoperative period, following our standard protocol.
Intraarterial blood pressure, pulse rate, and oxygen
saturation were monitored during the surgery to assess
hemodynamic status of the patients during the embolic
events. These readings were monitored every 5 min and
during each stage of the procedure. Echocardiography was
performed before and after operation to evaluate significant
sequelae of embolic events to the cardiac function of the
patient.

Intraoperatively, patients were placed on lateral position,
and anterior lateral approach to the hip was used for all
surgeries. A minimum of 250 mm femoral stem (Omnifit®
Cemented Long Stem) of the smallest femoral stem
was inserted in all patients. The same surgeon carried
out all the surgeries. Transesophageal echocardiography
was performed for all patients by a single consultant
cardiologist. A grading system by Koessler and Pitto was
used to categorize the severity of embolic events. The
grading is as follows: Grade 0 is when there are no emboli
or small echogenic particles, Grade 1 is when “a few fine
emboli,” Grade 2 is when a cascade of fine emboli or
embolic masses <5 mm in diameter and the right atrium
is pacified with echogenic material, and Grade 3 is when
there are a large embolic masses >5 mm in diameter or
serpentine emboli present.'®

Results

We had a total of 32 patients during the study period. There
were 16 patients in the decompression group and 16 patients
in the conventional group. Majority of our patients were
females (female = 28 and male = 4). The average age
was 55 years (range 37-74 years) [Figure 1]. In most of
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the cases, the primary malignancy was breast carcinoma,
followed by lung and colon carcinoma [Figure 2].

Intraoperatively, transesophageal echocardiogram showed a
variable amount of embolism passing through the heart in
all the operated cases. However, the volume and size of the
emboli differed between patients in both groups. Table 1
illustrates the grades of the emboli during the different
stages of the surgery in both groups.

We also noticed that all cases that experienced the Grade 2
embolism had the Grade 1 embolism during some parts of
the surgery and all patients with Grade 3 embolism also
experienced some degree of Grade 1 and 2 embolism.

Embolic phenomena

Step 1 and 2: Reaming of the acetabulum and insertion of
the cup

During reaming of the acetabulum and insertion of the cup,
embolic events could be seen in 86% of cases (19 out of
22 patients) in both groups. However, the severity of it
never exceeded Grade 2. There was no significant difference
between conventional and decompression groups in terms
of the total number of cases who developed embolism and
the severity of the embolic phenomena during this phase of
surgery.

Step 3: Reaming of the femoral canal

Although the number of cases with Grade 1 embolism
does not reveal any statistical difference between the
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Figure 1: A bar diagram showing the age distributions of the study
population

two surgical methods, there is a significant reduction
in Grade 2 (P < 0.005) and Grade 3 (P < 0.01) embolic
events in patients who were operated with vacuum
decompression technique, during the femoral reaming
procedure. Furthermore, in those patients who developed
embolism, the average duration of embolic events
was shorter in decompression group. This reduction
was about 24%, 34%, and 40% for Grade 1, 2, and 3,
respectively [Figure 3]. Hence, the vacuum technique not
only reduced the prevalence but also duration of embolic
events.

Step 4. Cementation, insertion of the stem, and relocation
of the hip joint

The highest incidence of embolic events was noticed
during this stage of operation. All patients in both operative
groups developed variable grades of embolism during this
step of operation. In addition, the mean duration of the
embolic events was the highest compared with all the other
steps of surgery. However, the decompression group had
milder and shorter duration of embolic events. The study
demonstrates a significant decrease in the prevalence of
Grade 2 (P < 0.05) and Grade 3 (P < 0.001) embolic events
after using the vacuum technique. Furthermore, among
these patients, the average duration of embolic events was
much less in decompression group. This reduction in time
recorded was about 39%, 55%, and 40% for Grade 1, 2,
and 3, respectively.
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Figure 2: A bar diagram showing the distribution of primary cancers

Table 1: Number of patients who had different grades of embolism during each step of operation in both techniques

Operation steps

Number of patients that embolic events observed in them

Grade 1 Grade 2 Grade 3
Conventional Decompression Conventional Decompression Conventional Decompression

Reaming of the 9 10 1 1 0 0
acetabulum (n=11)*

Insertion of the cup (n=11)* 10 9 2 3 0 0
Reaming of the femoral 16 14 14 6 9 2

canal (n=16)

Insertion of the stem and relocating 16 16 14 9 12 2

the hip (n=16)

*10 out of 32 patients underwent bipolar hemiarthroplasty (5 patients from each group). Hence, no procedure was performed on acetabulum
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Blood pressure

For this purpose of this study, a blood pressure drop of
>40 mmHg was taken as a significant. The blood pressure
dropped in almost all patients in both operative groups,
most evident after insertion of the stem. There was a
significant drop in systolic blood pressure (SBP) in 12 out
of 16 patients (75.0%) in the conventional group and 5 out
of 16 patients in the decompression group (31.3%). This is
statistically significant (P = 0.0124). The average drop in
SBP in the conventional group is 45.8 mmHg and in the
decompression group is 32.9 mmHg [Figure 4].

Oxygen saturation

In the decompression group, oxygen saturation remained
above 96%. However, in the conventional group, 4 out of
16 patients had an oxygen saturation dropped below 96%
[Table 2]. All of them occurred once and within Step 4 of
operation (insertion of stem and relocation of hip joint).

Other observations

There were no cases of implant failures in this series.
During the period of the study, one of our patients from
the conventional group collapsed in the recovery room a
few minutes after the surgical procedure (long stem bipolar
hemiarthroplasty). He was a 79-year-old gentleman, a case
of carcinoma of the colon with metastasis to proximal
femur. Intraoperatively, his vital signs were stable. The
patient responded to cardiopulmonary resuscitation and
was admitted to Intensive Care Unit for 2 days then
transferred back to normal ward and discharged well after
that. No obvious permanent sequelac were recognized after
recovery. We are unsure about the probable cause of the
collapse, but it is postulated that it might be a delayed
response to the cementation.

In another incident, a 67 year old female with breast

team of the potential risks. Fortunately, long stem bipolar
hemiarthroplasty was performed successfully, and the vital
signs remain stable throughout the surgery. Two days after
the surgery, an echocardiogram was repeated, and the
emboli had resolved. The patient was discharged home
with no cardiopulmonary complication.

Discussion

Long stem bipolar hemiarthroplasty and long stem total
hip replacements are frequently carried out for metastatic
disease of the proximal femur as it is the most common site
in the long bone involved in bone metastasis.'* Majority of
these cases require surgical management®' as they are less
likely to unite.'®

Due to the above mentioned reasons, long stem hip
arthroplasty is the preferred choice by the author for
fixation of metastatic lesions of proximal femur. The main
advantage of these prostheses is that they can be effectively
used in the presence of bone loss secondary to the diseased
providing there is adequate stable fixation of the stem
distally. Fixation of the prosthesis with cement allows
immediate full weight bearing and early return to function.
The implant survival of these long stem prostheses is
excellent over the shortened lifespan of these patients.!”

However, long stem hip arthroplasty is complicated
compared to the standard hip replacement. The femoral canal
usually needs to be reamed throughout its entire length, and
bone cement is usually fill in the entire length of the canal.
This increases the risk of fat, marrow, tumor cells, and the
cement monomer embolism into the circulation. Furthermore,
the tumor itself may give rise to bleeding complications

Table 2: The oxygen concentration for four patients in
conventional group who dropped below 96%

d . 1 hemiarthropl . h Patient The lowest oxygen Duration oxygen saturation
cancer undergoing long stem. .emlart roplasty in the saturation (%) dropped (s)
conventional group and had a significant Grade 3 embolus 1 34 15
that was trapped in her right ventricle. The cardiologist  , 30 10
was able to detect the embolus and inform the anesthetic 3 30 24
4 76 25
Mean duration of embolic events
during reaming of the femur
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Figure 3: A bar diagram showing comparison between conventional and
vacuum technique during reaming of femur. *Note: Only patients with
positive embolic findings are compared

Figure 4: A scattered plot showing the drop in systolic blood pressure for
both study groups
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due to alteration of the coagulation system.'®?* These
characteristics make the surgery of long stem arthroplasty
risky, mainly because of the high chance of embolism and
cardiopulmonary complications.”*?¢ As the severity of the
cardiopulmonary complications and the related operative
risks are directly related to the amount of embolization,
reducing the quantity of embolism should decrease morbidity
and mortality associated with this procedure. '3

These patients may not have the ability to compensate
for the hemodynamic compromise due to the diminished
cardiopulmonary reserves.’! Therefore, they are more
susceptible to the intraoperative and postoperative
complications.

Our study demonstrated that all patients who underwent
long stem hip arthroplasty experienced variable amounts of
cardiopulmonary events. We observed embolic phenomena
even during both reaming and cementing of the acetabulum
in majority of cases (86%). However, the severity was
not significant enough to cause any major hemodynamic
complications. There were no reported cases with Grade 3
emboli and only 9% of the patients experienced Grade 2
embolic phenomena during this stage. A comparison
between the both steps of the preparation of the acetabulum
showed that the number of cases developing Grade 2 emboli
was two-fold higher during insertion of the cemented cup as
compared to the reaming of the acetabulum (23% vs. 9%).
This is probably due to the fact that there is a significant
increase in the cement pressure and penetration within the
cancellous bone of the acetabulum with the use of pressured
flanged cup.’>** We also observed that the mean duration of
the embolic phenomena was longer during insertion of the
cup compared to reaming of the acetabulum.

Most of cardiopulmonary events and generation of the
bigger size emboli occurred during Step 3 and 4 of
the operation. These steps include the preparation of the
medullary canal (reaming of the femur) and insertion of
cement and the femoral stem.

During reaming of the medullary canal of the femur
(Stage 3 of the operation), all the patients (100%) in the
conventional group developed some degrees of embolism,
whereas only 88% in the decompression group had embolic
phenomena. We found that not only the prevalence of the
embolic phenomena was less but also the duration of the
emboli detected within the heart was also significantly
shorter in the decompression group. This difference is more
evident for Grade 2 and Grade 3 emboli.

The 4™ stage of the operation (insertion of the bone cement
followed by the prosthesis stem and relocation of the hip
joint) had the highest number of embolic events. At this
stage, all patients of both groups experienced a variable
degree of embolism and those in the decompression group
had significantly lower incidence of embolism compared to
the conventional group. Both the size and the duration of

emboli were about 50% less compared to the conventional
group. This reduction was noticed in all grades of the
emboli (Grade 1, 2, and 3).

We also noticed that all significant hemodynamic
complications occurred during the 4% stage of the
operation and among patients who were operated using
the conventional technique. Four cases had sudden drop
in oxygen saturation and one patient collapsed just after
the surgery. Another had a significantly sized embolus
was trapped in the right ventricle causing potential risk
of extensive pulmonary embolism; fortunately, it resolved
eventually.

According to the European Society of Cardiology, the
presence of hemodynamic instability is defined as a drop
of more than 40 mmHg of SBP and is a clinical marker of
high-risk patients.’> In our study, majority of the patients
experienced some degrees of SBP dropped after insertion
of the stem at the 4 stage of the operation, but the number
of cases with reduction of more than 40 mmHg in SBP
was higher in those patients who were operated with the
conventional technique.

Both desaturation and hypotension were noted at Phase
4 of the surgery. This is the stage where bone cement
was injected into the medullary canal. Bone cement
may contribute in systemic hypotension by increasing
intramedullary pressure causing embolization of fat,
marrow, and cement implantation syndrome. Thus,
decompressing the femoral canal reduces the canal pressure
and that in return can reduce cement, fat, and bone
marrow embolism. In this study, we used transesophageal
echocardiography, and this is not effective in differentiating
fat or bone marrow from cement particles.

To the best of our knowledge, we were not able to find
any similar study in the published literature comparing
distal canal decompression in long stem arthroplasty with
conventional long stem hip replacement. However, similar
studies on decompression of the canal either proximally or
at the linea aspera of the femur or distally in a standard
femoral arthroplasty does demonstrate significant reduction
in size and quantity of the emboli."

The limitations of this study are that we were unable
to measure the exact canal pressure during cementation
in both techniques to demonstrate objectively the lower
canal pressure during cementation in the decompression
technique. The other limitation is that the canal pressure
depends on the consistency of the cement when it is
injected into that canal. In all cases, we try to inject the
cement in when it is still in the liquid state to minimize the
increase in pressure, but it is difficult to standardize this.

In summary, embolic phenomena occur during all stages
of the long stem hip arthroplasty in the majority of the
patients. However, the quantity and duration of this
phenomenon is highest during injection of the bone cement,
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insertion of the stem, and reduction of the hip joint,
followed by reaming of the medullary canal. Therefore, all
patients must be optimized before surgery. This is carried
out by optimizing the oxygen-carrying capacity by assuring
adequate respiratory reserves and hemoglobin level is an
acceptable level. The patient also needs to be adequately
hydrated before surgery. This is to avoid unnecessary
morbidity and mortality, and precautions such as warning
the anesthetist early before reaming the femoral canal are
essential so that they can be prepared for the potential
circulatory collapse.

An intraoperative transesophageal echocardiography is a
useful tool, used to monitor circulating emboli during the
operative procedure.

Distal decompression of the medullary canal (“vacuum
technique™) can significantly decrease both the quantity and
duration of the emboli and therefore can effectively reduce
the risk of hemodynamic instability and pulmonary embolism
in patients undergoing a long stem hip arthroplasty.

Conclusion

Distal decompression of the femoral canal has been shown
to be an effective method of reducing perioperative and
postoperative cardiopulmonary events during long stem hip
arthroplasty in metastatic bone disease.
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Planned forthcoming symposia in 1JO

1JO has planned symposia on following topics in forthcoming
issues:

e Hind Foot Trauma
e Pediatric Trauma
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