REVIEW

Renal replacement therapy:
implications for the surgeon

Renal replacement therapy comprises peritoneal dialysis, haemodialysis and renal transplantation. Patients
undergoing renal replacement therapy often require surgery for a number of different reasons. This review
summarizes likely surgical procedures for these patients and some of the common complications.

C : urrently over 50 000 patients receive renal replace-
ment therapy in the UK (Shaw et al, 2013) and
7000 begin renal replacement therapy every year

(Gilg et al, 2013). Renal replacement therapy comprises
peritoneal dialysis, haemodialysis and renal transplanta-
tion. Patients with renal replacement therapy often
require surgical procedures to facilitate this management.
These can be for renal transplantation (3000 per annum
in the UK; NHS Blood and Transplant, 2014), access for
dialysis, the complications of that access or for associated
comorbidity requiring surgical management. This article
summarizes the likely surgical procedures, perioperative
issues and common complications that surgeons caring
for patients undergoing renal replacement therapy might
encounter.

Renal access

Peritoneal dialysis requires a catheter to be placed into the
peritoneal cavity to allow dialysis fluid to be passed into
this cavity, using the peritoneum as a natural filter.
Haemodialysis requires vascular access to remove blood
from the body so that it may be passed through a filter
and then back into circulation. The UK Renal Association
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(Fluck and Kumwenda, 2011) recommends an arterio-
venous fistula as first choice for vascular access, an arte-
riovenous graft as second choice, a tunnelled venous
catheter as third choice and a non-tunnelled catheter as
an option of necessity.

Surgical procedures are necessary for all these types of
renal access. Surgical procedures may also be necessary to
manage complications such as arteriovenous graft throm-
bosis, arteriovenous fistula aneurysm, arteriovenous fis-
tula stenosis or distal limb ischaemia. Complications of
vascular access are common, account for 20% of haemo-
dialysis patient admissions in the USA and cost in excess
of $1billion per year to manage (Feldman et al, 1996;
Roy-Chaudhury et al, 2003). 7able I lists the complica-
tions of vascular access and their management. As can be
seen surgical input is often necessary.

Important factors in patients on renal
replacement therapy

Vein preservation

Whether it is for pre- or postoperative bloods or admin-
istration of anaesthesia, venous access is an essential part
of perioperative care. Arteriovenous fistulas are com-
monly created in the forearm between the radial or bra-
chial artery and the cephalic vein. The technique was first
described by Brescia and colleagues in 1966 and involves
connecting the radial artery and cephalic vein to create a
large, high pressure vessel which can be used for vascular
access (Figures 1a and b).

Repeated venepuncture can damage veins, limiting the
options available for arteriovenous fistulas to be fash-
ioned. Given that the patency rates for arteriovenous fis-
tulas are between 56% and 65% at 1year and 30% and
45% at Syears (Leapman et al, 1996; Wolowczyk et al,

Table 1. Surgical renal replacement therapy access options, complications and surgical management

Renal replacement therapy access options
Arteriovenous fistula/graft

Peritoneal dialysis catheter
Central venous catheter

Potential complications of access

distal limb ischaemia
Infection
Infection, thrombosis

Bleeding, infection, stenosis, aneurysm, thrombosis,

Potential surgical management of complications

Angioplasty, thrombectomy, aneurysmectomy,
formation of alternative access

Surgical removal of catheter, formation of alternative access
Removal of lines and formation of alternafive access
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2000), repeated formation of arteriovenous fistulae is
often required. The UK Renal Association advocates that
patients should be educated about the importance of
forearm vein preservation and that clinicians should
avoid unnecessary peripheral venous access in the upper
limb where vascular access may be required (Fluck and
Kumwenda, 2011).

Electrolyte/acid—base disturbances

Patients on renal replacement therapy depend on dialysis
to maintain their electrolyte/acid-base balance. They are
at particular risk of developing hyperkalaemia or acidae-
mia, which may result in cardiac arrhythmias or a cata-
bolic metabolic state. This is common after surgical pro-
cedures. Intraoperative transfusion also increases the risk
of developing hyperkalaemia intraoperatively (Brenowitz
et al, 1977). Preoperative dialysis helps to minimize elec-
trolyte/acid—base disturbances (Silberman, 1977) and
checking preoperative and postoperative potassium levels
is essential to establish the need for extra dialysis sessions.

Fluid balance

Patients on renal replacement therapy have a variable
daily urine output (ranging from normal to complete
anuria). Dialysis is the primary method of removing
excess fluid in many patients. Patients on renal replace-
ment therapy are dialysed to achieve a target ‘dry weight’
and often have a fluid restriction. It is important to get
the fluid balance right. Excessive fluid administration
may cause pulmonary oedema or poorly controlled
hypertension, while inadequate fluid administration may
result in profound hypotension, critical illness and com-
promise of vascular access. This may also be exacerbated
by the induction of anaesthesia.

Working with renal physicians to establish a patient’s
fluid restriction and target dry weight will allow for both
appropriate prescription of resuscitation fluid in the
emergency setting and maintenance fluids when a patient
is required to be nil by mouth, either preoperatively or as
part of his/her surgical management (i.e. in the non-
operative management of bowel obstruction). Fluid
restriction should also be considered when prescribing
insulin-based sliding scales for patients requiring renal
replacement therapy in the perioperative period.

Blood transfusion and anaemia

Patients with renal failure may produce less erythropoei-
tin and so are more likely to be anaemic before surgery.
Some blood loss during operations is inevitable and there
may be a need for perioperative blood transfusion. In
addition to transfusion reactions, a potential complica-
tion of blood transfusion is antibody formation, which
may jeopardize a patient’s future ability to undergo trans-
plantation by increasing the time spent on the transplant
waiting list, increasing the rate of transplant graft rejec-
tion and worsening transplant graft survival rate

(Macdougall and Obrador, 2013; Scornik et al, 2013).

The use of synthetic erythropoeitin and iron therapy to
manage dialysis patients with anaemia is already advo-
cated (Locatelli et al, 2013) and its use before elective
surgery where significant blood loss can be anticipated
can decrease the need for perioperative transfusion.
Perioperative blood transfusions can result in electrolyte
imbalance and fluid overload. Patients may therefore
require additional dialysis outside their regular dialysis
regimen to facilitate this.

Bleeding

Patients on renal replacement therapy can be at increased
risk of perioperative bleeding. This is caused by many fac-
tors including hypertension and chronic uraemia, which
has a detrimental effect on platelet function (Hutton and
O’Shea, 1968; Galbusera et al, 2009). Despite there being
no strong evidence that long-term oral anticoagulation
therapy improves the survival of vascular access (Osborn
et al, 2008), it often continues to be prescribed.
Preoperative dialysis and correction of anaemia reduces
the risk of bleeding secondary to uraemia (Galbusera et al,
2009). Management of perioperative hypertension by

Figure 1. Intraoperative formation of a brachiocephalic arteriovenous fistula.
a. The cephalic vein (right) and brachial artery (left) are exposed. b. A brachiocephalic

arteriovenous fistula is formed for renal access.
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dialysis to target dry weight and continuation of anti-
hypertensive medications is also advised.

Venous thromboembolism prophylaxis
Patients undergoing routine surgical procedures often
receive low molecular weight heparin as part of venous
thromboembolism prophylaxis. Low molecular weight
heparin is predominantly excreted via the kidneys and
can accumulate in patients with renal impairment or
those already requiring renal replacement therapy. This
may dramatically increase the bleeding risk postopera-
tively (Sonawane et al, 2006). Oral factor Xa inhibitors,
such as rivaroxaban, are now recommended following
elective major lower limb arthroplasty but should be
avoided in patients on dialysis (Joint Formulary
Committee, 2013). Unfractionated heparin is often pre-
ferred for perioperative venous thromboembolism proph-
ylaxis in those receiving renal replacement therapy.

Calcium metabolism
Disorders of calcium metabolism are common in patients
on renal replacement therapy. Renal osteodystrophy (also

Table 2. Perioperative consideration for patients on dialysis

Consideration

Vein preservation
during venepuncture
Electrolyte/acid—base

Fluid balance

Blood transfusion
and anaemia

Bleeding

Action

Avoid venepuncture in the forearm unless absolutely essential.
The hands should be used where possible

Pre- and postoperative potassium levels should be measured
to identify the need for extra perioperative dialysis sessions

Awareness of target dry weights and fluid restrictions for patients
on renal replacement therapy allows appropriate prescription of
perioperative fluids

Blood product transfusion should be avoided when not absolutely
indicated, because antibody formation may decrease future
chances of successful renal transplantation

If transfusion is required, exira dialysis sessions may be required
to prevent hyperkalaemia and/or fluid overload

Preoperative erythropoietin or iron therapy may decrease the
need for blood fransfusion

Dialysis to target dry weight and to decrease uraemia, as well as
management of anaemia, will decrease the risk
of perioperative bleeding

Venous thromhoembolism Use of unfractionated heparin rather than low molecular weight

prophylaxis
Calcium metabolism
and hone care

Analgesia

Planning care

heparin

Renal replacement therapy patients are af increased risk of
hypocalcaemia and fracture — medical and surgical management
can help prevent these complications

Avoid codeine. Use of fentanyl and its derivatives is preferred,
use morphine with caution at decreased doses and frequencies

Elective procedures should be performed with dialysis facilifies
available for the perioperative period. In emergency operations,
access fo infensive care facilities able to offer renal replacement
therapy or transfer fo a cenire able to offer renal replacement
therapy is advised

referred to as chronic kidney disease — mineral and bone
disorder) is caused by hyperparathyroidism as a conse-
quence of hypocalcaemia, hyperphosphataemia and fail-
ure of vitamin Dj activation at the kidney. Chronic kid-
ney disease — mineral and bone disorder may present with
joint pain, bony pain, bony deformity or as a fracture.
Radiographs may demonstrate osteopenia or fractures
and chondrocalcinosis. Biochemically hypocalcaemia,
hyperphosphataemia and a raised alkaline phosphatase
level may be seen. Initial management involves restricted
dietary phosphate intake, phosphate binding drugs and
activated vitamin D supplements.

Endocrine surgeons may be asked to help manage terti-
ary hyperparathyroidism surgically in the form of par-
athyroidectomy and orthopaedic surgeons are more likely
to be asked to manage these patients as they have up to a
four-fold increased risk of fracture (Alem et al, 2000).
Being aware of renal bone disease and its medical and
surgical management will allow the clinician to manage
renal bone disease and risk of fracture or hypocalcaemia
more effectively.

Perioperative analgesia

Opioid analgesia is often required around surgical proce-
dures. Opioid analgesics are renally excreted to varying
degrees. Fentanyl and its derivatives are preferred because
of their predominantly hepatic metabolism and predict-
able offset of action. Codeine should be avoided and
morphine used with caution and at lower doses and fre-
quencies if required (Dean, 2004; Trainor et al, 2011).

Planning perioperative care

In patients who are undergoing elective procedures, dis-
cussion with the patients renal physician is essential in
order to plan perioperative dialysis. The ideal setting for
this discussion is a regular multidisciplinary team meet-
ing involving clinicians frequently involved in the care of
patients undergoing renal replacement therapy.
Consideration of the need for high dependency care and
for the procedure to be performed at a centre able to offer
renal replacement therapy is also advisable.

Conclusions

Renal replacement therapy is common and patients
undergoing this treatment invariably require surgical
intervention, whether relating to the administration of
this renal replacement therapy, management of the dis-
ease resulting in renal failure, where surgical intervention
or trauma has necessitated renal replacement therapy or
for an unrelated problem. An understanding of these
issues will improve the clinician’s ability to manage this
increasingly large group of patients. BJHM
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KEY POINTS

W As a surgeon looking after patients on renal replacement therapy, it is vital fo be
aware of:

W Forearm vein preservation for vascular access
® Fluid and electrolyte balance

W Bleeding risk and transfusions

m Venous thromboembolism prophylaxis.

®  (onsideration of these topics and coordinating patient care with renal physicians
will enable surgeons to give the best care for this group of patients.
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