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ABSTRACT

Introduction: Pilot study associating hemodialysis-to-general-anesthesia time interval and post-operative
complications in hemodialysis patients to better define a more optimal pre-anesthetic waiting period.
Methods: Pre-anesthetic and 48-hours post-anesthetic parameters (age, gender, body-mass-index, pre-oper-
ative ultrafiltrate, potassium, renal disease etiology, hemodialysis sessions per week, Acute Physiology and
Chronic Health Evaluation-II score, Portsmouth-Physiologic and Operative Severity Score for the Enumeration
of Mortality and Morbidity, American Society of Anesthesiologists physical status, Johns Hopkins Surgical
Classification System Category, surgical urgency, intra-operative fluids, estimated blood loss, post-operative
complications) were collected on chronic hemodialysis patients between 11/2009-12/2010. Continuous data
were analyzed by Analysis of Variance or t-test. Bivariate data were analyzed by Fisher’s Exact Test. Relative
Risks/Confidence Intervals were calculated for statistically significant comparisons (p=0.05). Exclusion cri-
teria were incomplete records, peritoneal dialysis, intra-operative hemodialysis, liver transplant, and cardio-
pulmonary bypass.

Results: Patients were grouped by dialysis to anesthesia time interval: Group 1 > 24 hours, Group 2 7-23.9
hours, Group 3 < 7 hours. Among Surgical Category 3-5 patients, hypotension was more common in Group
3 than Group 1 (63.6% vs 9.2%, p<0.0001, relative risk=6.9, confidence interval =3.0-15.7) or Group 2
(63.6% vs 17.3%, p=0.0002, relative risk = 3.7, confidence interval = 1.9-7.2). Other complications rates were
not statistically significant. Disease and surgical severity scores, preoperative ultrafiltrate, and intra-operative
fluids were not different.

Conclusions: Post-anesthetic hypotension within 48 hours was more common in those with < 7 hours in-
terval between dialysis and anesthesia. Therefore, if surgical urgency permits, a delay of >7 hours may limit
postoperative hypotension. More precise associations should be obtained through a prospective study.

Keywords: general, anesthesia, dialysis, hypotension, time, interval, complications, ultrafiltrate, surgery, post-
operative.

INTRODUCTION dialysis-dependent patients. As a result,

more dialysis patients are diagnosed with

Patients with end-stage kidney disease
require dialysis to maintain homeostasis
and life. Advances in medical care have
made it possible to prolong the life of many
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diseases that benefit from surgery and are
considered to be in a general state of health
to tolerate such surgeries (1). Induction
and maintenance of general anesthesia and
surgery in a patient with derangement of
volume status, electrolyte balance, or ure-
mia can be detrimental. Therefore, dialysis
may be required prior to general anesthe-
sia. We hypothesize that post-operative
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complications are more frequent when in-
duction of general anesthesia is very close
to completion of hemodialysis. Since anes-
thesiologists are beginning to take a more
active role in the peri-operative manage-
ment of patients, we focused our attention
to the 48 hours immediately post-operative
rather than intra-operative.

A literature search revealed case reports
describing post-operative complications
in dialysis-dependent patients who un-
derwent general anesthesia. Though case
reports were few, organ hypoperfusion and
major arrhythmia were among them (2-5).
Others have attempted to study intra-ope-
rative fluid requirements of hemodialysis
patients without addressing timing betwe-
en hemodialysis and general anesthesia (6).
Though timing of dialysis prior to surgery
was recorded in some patients, they were
not stratified by times and analyzed.

As anesthesiologists are increasingly asked
to involve themselves as peri-operative
physicians outside the operating room (7,
8), we submit that preoperative medical
management decisions such as timing of
hemodialysis and general anesthesia may
have consequences after conclusion of the
anesthetic. To this end, we conducted a re-
trospective chart review to elucidate the re-
lationship between the time interval from
the end of hemodialysis to the induction
of general anesthesia and postoperative
complications. We hoped to identify risk
factors for and frequency of postoperative
complications in these patients.
Historically, hemodialysis alone has been
associated with up to a 50% incidence
of hypotensive events (9) so it is not sur-
prising that hemodialysis and induction
of general anesthesia in rapid succession
could be associated with an increase in
hypotension as well. Removal of fluid
requires ultrafiltration. During ultrafil-
tration, hydrostatic pressure across the
dialysis membrane is increased to push

solvent from blood to dialysate. This also
tends to carry some solute with it. The
net result is a relatively hypovolemic blood
compartment with lower oncotic pressure.
Lower oncotic pressure leads to further
depletion of intravascular volume. Often,
this effect can be counterbalanced by in-
stilling sodium into the blood (10-12). The
difficulty with this approach is that serum
sodium levels regulate thirst and cause pa-
tients to drink excessively and gain fluid
in the interdialytic period (13-16). The-
refore, many are not aggressively treated
with sodium to maintain oncotic pressu-
re, and there is significant net movement
of volume from the intravascular space to
the extravascular (intracellular) space (9,
17). Simultaneous transfer of heat from
dialysate to patient also tends to decrease
blood pressure through vasodilation (18,
19). Induction of anesthesia often includes
agents with intrinsic myocardial depres-
sant and systemic vasodilatory activity.
Furthermore, major surgery imparts a
generalized inflammatory state upon the
patient, which further exacerbates extra-
vascular (extracellular) movement of volu-
me (20). These considerations may make
post-operative blood pressure regulation
difficult, potentially contributing to conti-
nuing hypotension, even after the conclu-
sion of the anesthetic.

METHODS

This study was approved by the Institutio-
nal Review Board of Loma Linda Univer-
sity. Charts from patients with end-stage
renal disease managed by chronic hemo-
dialysis (21) who underwent surgery at
a single tertiary-care academic teaching
hospital (Loma Linda University Medical
Center, Loma Linda, CA) between Novem-
ber 1, 2009 and December 31, 2010 were
reviewed. Adults maintained on hemo-
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dialysis for at least 3 months prior to ge-
neral anesthesia and who received it for
surgery were identified. Patients managed
with peritoneal dialysis were excluded. We
also excluded those undergoing procedu-
res with fluid shifts in excess of those pre-
dicted from preoperative hemodialysis (car-
diopulmonary bypass, veno-veno bypass,
liver transplantation, and intra-operative
hemodialysis). Patients found with incom-
plete documentation of the timing of hemo-
dialysis were excluded from analysis.

Basic demographic data were gathered. Ba-

sed on recorded data both Acute Physio-

logy and Chronic Health Evaluation II

(APACHE II) (22) and Portsmouth Physio-

logical and Operative Severity Score for the

Enumeration of Mortality and Morbidity

(P-POSSUM) (23-25) scores were calcula-

ted. The time interval between the end of

hemodialysis and the induction of general
anesthesia was calculated from inpatient
and outpatient documentation as available.

In cases where outpatient hemodialysis

was performed at an independent center

and records were not available, this infor-
mation was determined from the patient’s
admitting documentation. Post-operative
complications documented after the end of
anesthesia were entered into our database.

We sought documentation of complications

defined as:

- Dysrhythmia - abnormal rhythm re-
sulting in: unscheduled intravenous
medication, cardioversion, cardiology
consultation, prolonged length of stay,
or any one of the other listed complica-
tions.

- Hypotension - systolic blood pressure
below 85 mmHg causing unscheduled
fluid bolus of 1000 mL of crystalloid,
250 mL of 5% albumin, 50 mL of 25%
albumin, and/or vasoactive medica-
tions.

- Hypertension - elevated blood pressure
treated with unscheduled intravenous

medication, unscheduled hemodialysis,
or other invasive procedure such as he-
art catheterization.

- Delirium - delirium documented as
needing specific medication, procedu-
re, specialist consultation, prolonged
length of stay, or causing any other li-
sted complication.

- Electrolyte abnormality - postoperative
electrolyte abnormality requiring un-
scheduled medication, transfer to higher
level of care, prolonged length of stay, or
causing any other listed complication

- Re-intubation.

- Advanced Cardiac Life Support - acu-
te clinical decompensation resulting in
initiation of rapid response or code blue
team or initiation of Advanced Cardiac
Life Support resuscitation in a unit that
provides for its own rapid response/
code blue.

- Death during same hospital stay.

Each complication was noted either pre-
sent or absent per patient, thus a single
patient could have multiple types of com-
plications but the frequency of any single
type was not noted more than once during
the 48-hour postoperative period. Surgical
procedures were classified using the Johns
Hopkins Surgical Classification System
(JHSCS), based on pre-operative documen-
tation and the proposed procedure (26).
Emergent surgeries were cases documented
to need intervention within 2 hours; while
urgent surgeries were defined as non-elec-
tive cases that could wait at least 2 hours.

Statistical Methods: Preliminary analysis
supported grouping of patients based on the
documented interval between hemodialysis
and general anesthesia into three groups:
Group 1 interval >24 hours; Group 2 inter-
val from 7-23.9 hours; or Group 3 interval
<7 hours. Complications were expressed
as a percentage of each respective group.
The primary outcome measure was the dif-
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ference in complications between groups.
Secondary outcome measures included
the incidence of complications related to
specific surgical procedures. Analysis was
performed using computerized statistical
software (GraphPad Prism, GraphPad Sof-

tware, La Jolla, CA). Continuous data were
analyzed with ANOVA or Kruskal-Wallis
tests. Bivariate data were analyzed by Fi-
sher’s Test. Relative Risks and Confidence
Intervals were calculated for comparisons
reaching statistical significance (p=0.05).

Table 1 - Patient Demographics and Severity of Illness Scoring. No differences were found between patients in whom
the dialysis to general anesthesia interval was less than 7 hours compared to those with longer dialysis to general

anesthesia intervals.

Interval (hours) between hemodialysis and induction
of general anesthesia
Group 1 pvalue, | Group2 | pvalue, | Group 3 | p value,
>24 hours | Group 1 7-23.9 | Group2 | <7 hours | Group 1
n=91 vs hours vs n=27 vs
Group 2 n=_80 Group 3 Group 3
é*ge. {ears;icanisistandard 52 + 14.7 034 |53+151| 027 [49+157| 0.62
eviation)
Gender:
Female n, (%) 41 (45.1) 0.65 39 (48.8) 1.0 13 (44.8) 0.83
Male n, (%) 50 (55.0) 0.65 41 (51.3) 1.0 14 (48.2) 0.83
Body Mass Index (kg/m?) 26.9 0.31 28 0.74 27.5 0.70
Pre-Operative Hemodialysis Fluid 21 0.85 19 0.34 17 0.34
Balance (L)
Pre-Operative Potassium (mEq/L) 44 0.61 44 0.74 43 0.50
Etiology of end-stage renal disease (mean + standard deviation unless noted)
Hypertension 1, (%) 57 (62.6) 0.44 45 (56.3) 1.0 15 (55.6) 0.51
Diabetes Mellitus n, (%) 34 (37.6) 0.44 35 (43.8) 0.83 11 (40.7) 0.82
Polycystic Kidney Disease n, (%) 4 (4.4) 0.75 5(6.3) 1.00 2(7.4) 0.62
Refluxn, (%) 3(3.3) 0.31 6 (7.5) 0.68 1(3.7) 1.00
Idiopathic/Other 1, (%) 18 (19.8) 0.84 12 (15) 1.00 4(14.8) 1.00
Prior Transplant n, (%) 9(9.9) 0.81 9 (11.3) 0.73 4(14.8) 0.49
# Scheduled hemodialysis per week 2.97 3.36 3.44
mean (range) (1-3) @2-7 (3-7)
Severity of Illness Scoring (mean + standard deviation unless noted)
APACHE II pre-operative 13 £ 52 0.54 13 + 3.6 0.12 14 + 3.7 0.32
% Possum Morbidity 57.9 + 23.6 0.16 62.7 £ 22.1 0.99 62.8 + 20.3| 0.28
% Possum Mortality 43.8 + 27.2 0.19 49.2 + 26.5 0.66  [46.8 + 24.4| 0.59
% P-Possum Mortality 13.8 + 19.7 0.54 15.7 £ 19.6 0.97 15.9 + 25.6) 0.70
ASA Physical Status 0; 2.2; 34.1; 0; 0; 41.3; 0; 0; 25.9;
% 1;2; 3;4; 5 63.7; 1.1 B 58.8;0 B 70.4; 3.7 b
APACHEII = Acute Physiology and Chronic Health Evaluation II; POSSUM = Physiological and Surgery Severity Score for the Enumeration of
Mortality and Morbidity; P-POSSUM = Portsmouth - Physiological and Surgery Severity Score for the Enumeration of Mortality and Morbidity;
ASA = American Society of Anesthesiologists.
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RESULTS

Chart review yielded 238 chronic hemo-
dialysis patients with surgery under ge-
neral anesthesia between November 2009
and December 2010. Of these, 40 were
excluded: in 23 cases surgery involved flu-
id shifts in excess of those predicted from
preoperative hemodialysis and in 17 cases

documentation regarding interval betwe-
en hemodialysis and general anesthesia
was incomplete. Demographic and illness
scores were not different between groups
(Table 1).

Severity of surgery, urgency of surgery and
fluid/blood product administration were
also similar between groups (Table 2).

As shown in Table 3, the only difference in

Table 2 - Surgical factors. No differences were found between patients in whom the dialysis to general anesthesia

interval was less than 7 hours compared to those with longer dialysis to general anesthesia intervals.

Interval (hours) between hemodialysis and induction
of general anesthesia

Group 1 p, Group Group 2 p, Group Group 3 p, Group
> 24 hours 1vs 7-23.9 2 vs <7 hours 1vs
n = 91 Group 2 hours Group 3 n =27 Group 3
n = 80

Johns Hopkins Surgical Classification System Category
1n, (%) 0 (0) N/A 0 (0) N/A 0(0)
21, (%) 26 (28.6) 0.51 27 (33.8) 0.15 5(18.5) 0.33
31, (%) 15 (16.5) 0.56 16 (20) 0.19 9(33.3) 0.10
41, (%) 20 (22) 0.85 16 (20) 0.23 2(7.4) 0.10
5n, (%) 30 (33) 0.31 20 (25) 11 (40.7) 0.49
Urgency and Severity of Surgery
Elective Surgery n, (%) 28 (30.8) 0.12 16 (20) 0.78 4(14.8) 0.14
By ’t?%a)y’ 57 (62.6) 0.10 60 (75) 100 | 21(778) 017
Emergent Surgery deemed
necessary within 2 hours of 6 (6.6) 0.75 4(5) 0.64 2 (7.4) 1.00
presentation n, (%)
Intraoperative Fluid Management (mean + SD unless noted)
Intraoperative Crystalloid mL 1014 + 976 0.86 1043 + 1104 0.73 1120 + 972 0.62
Intraoperative Colloid mL 224 + 374 0.09 139 + 288 0.18 257 + 422 0.72
Intraoperative erythrocytes mL 36 + 167 0.23 81 + 284 0.11 22 + 180 0.57
Intraoperative Cell-Saver mL 22 + 104 0.17 5 + 46 0.32 0 0.051
Intraoperative plasma mL 0 0.32 6 + 52 0.32 0 N/A
Intraoperative Platelets mL 3+ 28 0.9 4+ 32 0.32 0 0.32
Estimated Blood Loss mL 139 + 304 0.95 137 + 234 1.0 137 + 209 0.96
Given Blood Product n, (%) 10 (11%) 1.0 8(10%) 1.0 3(11%) 1.0

JHSCS = Johns Hopkins Surgical Classification System; SD = standard deviation.
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complications was postoperative hypoten-
sion, which was more common in Group
3 than either Group 1 or 2. Surgery with
minimal physiologic perturbations (Cate-
gory 2) was not associated with increased
risk for any postoperative complication,
regardless of the interval between comple-
tion of hemodialysis and induction of ge-
neral anesthesia.

When analyzing only surgical procedures
other than minimal (Category 3-5), hypo-
tension was more common in Group 3
than Group 1 (63.6% vs 9.2%, p<0.0001,
relative  risk=6.9, confidence inter-
val=3.0-15.7) or Group 2 (63.6% vs 17.3%,
p=0.0002, relative risk=3.7, confidence
interval=1.9-7.2).

Postoperative hypotension was also more
frequent in Group 3 for both elective
(p=0.03) and urgent (p<0.0001) surgeri-
es. Of note, postoperative hypotension was
not more common when analyzed by case
urgency alone, although the small num-
ber of emergent cases (n=12) limits this
analysis.

DISCUSSION

Major limitations include the retrospecti-
ve nature of our study and thus our ina-
bility to review the hemodialysis prescrip-
tions of patients dialyzed at independent
outpatient hemodialysis centers. Detailed
records from outside facilities were some-
times unavailable and the interval from
hemodialysis to general anesthesia could
only be estimated based on admitting do-
cumentation. All of these cases, however,
involved patients in whom the interval
was clearly longer than 7 and less than 24
hours, thus the inability to calculate a pre-
cise interval is unlikely to have affected
group assignment. Another limitation re-
lated to outpatient hemodialysis is varia-
bility between hemodialysis prescriptions.
Many factors contribute to the rate and
degree of fluid shifts during and following
hemodialysis including ultrafiltration rate/
amount, dialysate sodium, calcium con-
tent, patient’s pre-hemodialysis solute load,
etc. Because we limited our study to cases

Table 3 - Complications Regardless of Surgical Severity. Hypotension was more common in. Group 3 than either Group
1 or Group 3.

Interval (hours) between hemodialysis and induction
of general anesthesia
Group 1 | pvalue, | Group 2 | p value, Group 3 p value,
> 24 Group 7-23.9 Group <7 hours | Group 1
hours 1vs hours 2 vs n = 27 Vs
n=91 | Group2 | n = 80 Group 3 Group 3
Arrhythmian, (%) 8(8.8) 0.80 8 (10) 1.00 2 (7.4) 1.00
Hypotension n, (%) 7(7.7) 0.30 10 (12.5) < 0.0001 14 (51.9) < 0.0001
Hypertension 1, (%) 33 (36.3) 0.33 23 (28.8) 0.64 9 (33.3) 0.82
Delirium n, (%) 5(5.5) 0.72 3(3.8) 0.17 3(11.1) 0.38
Electrolyte Anomaly n, (%) 8(8.8) 0.80 8 (10) 0.31 5(18.5) 0.17
Re-Intubation n, (%) 3(3.3) 0.25 0 (0) 0.25 1(3.7) 1.00
ACLS 1, (%) 0(0) 0.46 1(1.3) 0.44 1(3.7) 0.23
Unscheduled hemodialysis n, (%) 12 (13.2) 1.00 10 (12.5) 0.23 6(22.2) 0.36
Death n, (%) 0(0) N/A 0(0) N/A 0(0) N/A
ACLS = Advanced Cardiac Life Support.
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with chronic hemodialysis, however, is li-
kely that most sessions had similar ultrafil-
tration goals. It is worth noting that intra-
dialytic hypotension may be ameliorated
by lengthening treatment duration, thus
reducing ultrafiltration rate to allow vascu-
lar refilling to better match fluid removal
(20). It may be worthwhile to investigate
the use of sustained low-efficiency dialysis
methods or continuous renal replacement
therapy in high-risk patients. A prospecti-
ve study with blinding and controls on he-
modialysis interval/prescription may pro-
vide a better delineation of hemodialysis
timing and prescription for outpatients.
Patients in whom the interval between the
end of hemodialysis and the induction of
general anesthesia for major surgery was
less than 7 hours were found to have higher
risk of developing post-operative hypoten-
sion that requires treatment, independent
of surgical urgency. These findings imply
that, for major surgery in chronic hemo-
dialysis patients (Category 3 to 5), an in-
terval greater than 7 hours is advisable to
avoid post-operative hypotension. Though
less emergent cases may be delayed due to
risk of hypotension, many emergent proce-
dures cannot be delayed. The post-operati-
ve team thus should expect and be prepa-
red to treat hypotension in these patients.
On the other hand, patients undergoing
low-severity surgery (Category 2) were not
found to have greater risk for post-opera-
tive hypotension regardless of the interval
between hemodialysis and general anesthe-
sia. There a decision to proceed with minor
surgery soon after the end of hemodialysis
can be made on a patient-by-patient basis.
In making these recommendations, anes-
thesiologists can make a significant impact
on patient outcomes well beyond the imme-
diate anesthetic period.

It’s worth noting that our study included
very few ASA 5 patients. Since ASA sta-
tus is more useful for estimating operative

mortality than teasing out individual risk
factors, we felt that it was a measure with
inter-observer variability. The most impor-
tant limitation of our study was the low
number of emergency surgeries included.
Whether or not this introduced bias in at-
tributing hypotension to dialysis interval
rather than urgency of surgery can be bet-
ter elucidated by a prospective study using
multivariate analysis with sufficient power
for emergent cases. Furthermore, such a
study could be useful in identifying sub-
groups in which our association may hold
more true than in others.

CONCLUSION

It may be advisable to delay elective and
urgent induction of general anesthesia for
major surgery by about 7 hours after he-
modialysis, in order to minimize hypoten-
sion. Prospective research with sufficient
power should be done to better elucidate
subgroups that may be more or less vulne-
rable to post-operative complications. Such
a study would also serve to better define a
more exact length of time to wait between
hemodialysis and general anesthesia. Pre-
operative planning and decisions can make
a significant impact on a patient’s care,
even well into the post-operative period.
Studies analyzing the effect of different
dialysis modalities and different ways of
coordination of dialysis with surgery may
be valuable in finding ways to optimize pa-
tient outcome and efficiency.
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