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ABSTRACT

INTRODUCTION: Patients undergoing radical nephrectomy (RN) are often admitted with
protocolized bloodwork for several days following their operation, yet the clinical value of
serial hemoglobin (Hgb) measurements has not been established. This can lead to unneces-
sary costs and can prolong patient stay, despite the absence of an intervention based on
these lab values. This study sought to examine perioperative Hgb values and identify those
patients at high risk of bleeding requiring intervention, as well as those patients who are
unlikely to require further monitoring.

METHODS: Patient and perioperative factors were retrospectively examined for a cohort
of 259 radical nephrectomy patients from 20152021 in Atlantic Canada. Postoperative Hgb
values and transfusion rates were recorded. A multivariate logistic regression analysis was
performed to identify variables associated with requiring a blood transfusion.

RESULTS: Overall, 31 (12%) patients required a blood transfusion in the postoperative
period. Median estimated blood loss (EBL) was 150 (interquartile range [IQR] 100-300) ml,
with a median Hgb change of 15 (IOR 9-22) g/L from preoperative to postoperative day
| (PODI). In patients with a Hgb loss of =I5 g/L (n=131), transfusion was only required
in four patients (3.1%). Among those with a PODI Hgb >100 g/L (n=199), only four (2%)
required transfusion. These patients were identified as having complications based on hemo-
dynamic instability. On multivariate regression analysis, factors found to be associated with
higher transfusion risk were age and intraoperative EBL, while higher preoperative Hgb was
found to be associated with a lower transfusion risk.

CONCLUSIONS: In patients who have a reassuring POD| Hgb value, with a drop of
<15 g/L or an absolute value of >100 g/L, consideration can be made towards discontinuing
routine Hgb testing in the absence of a clinical indication. Age, blood loss, and preoperative
Hgb are factors that may affect a patient’s overall risk of transfusion.

INTRODUCTION
In patients with localized renal cell
carcinoma (RCC), surgical excision
is the gold-standard treatment, with
the goal of maximizing oncologic con-
trol while minimizing nephron loss.'
In the current surgical landscape of
increased pressure for operative time
and reduced bed availability, enhanced
recovery after surgery (ERAS) proto-
cols are being implemented through-
out urology to streamline the post-
operative period.** These protocols
have been shown to reduce length of
stay while preserving quality of care>”
Many surgical specialities are beginning
to look at perioperative optimization
through reduction of unnecessary
blood tests, and urology is no excep-
tion®"? Identification of patients at low
risk of complications is crucial to avoid
unnecessary intervention while also
preserving perioperative outcomes.

After undergoing a nephrectomy,
patients commonly receive routine
bloodwork for several days to monitor
their hemoglobin (Hgb) levels. Many
institutions have protocolized pre-
printed order sets that typically include
several days of routine blood draws,
a tradition that lacks evidence to sup-
port its use. These routine lab tests
can result in unnecessary investiga-
tions, as well as increased costs, with-
out benefit to overall outcomes and
prolonging length of stay.'*'* Murphy
et al"® and Kholi et al'® demonstra-
ted that most patients experiencing
a complication will do so on a clinical
basis, calling into question the benefit
of routine labs in patients experiencing
an uncomplicated course.

This study examines postopera-
tive Hgb values and transfusion
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rates in patients undergoing nephrectomy to elucidate
the clinical utility of routine bloodwork monitoring. In
addition, we sought to identify clinical and patient risk
factors that may predispose patients to require a pos-
toperative blood transfusion.

METHODS
At a single Canadian institution, we retrospectively iden-
tified all patients who underwent open or laparoscopic
radical nephrectomy (RN) for a renal mass presumed to
be RCC between 2015 and 2021. Patients were excluded
if the nephrectomy was performed for a nonfunctional
kidney, renal trauma, if they were <18 years of age, or
if they had any infectious complications. Ethics approval
was obtained by the local institutional health research
ethics board. Patient and demographic characteristics
were recorded, as well as postoperative factors, including
successive Hgb values, complications, and length of stay.

The primary outcome was the incidence of patients
requiring blood transfusions following a postoperative
day | (PODI) Hgb drop of <I5 g/L. The secondary
outcome was to examine patient and clinical factors
associated with requiring a postoperative blood trans-
fusion. Univariable and multivariable logistic regression
were used to create a model to identify patient and
tumor factors that were associated with blood trans-
fusion. Variables that were found to be significant on
univariable analysis were used to inform the multivariate
analysis. Statistical significance was defined at p< 0.05,
with odds ratios (OR) and 95% confidence intervals
(95% Cl) recorded for each outcome.

All statistical analyses were performed using SPSS
version 28.

RESULTS

Overall, 259 patients were identified who met inclu-
sion criteria. The median age of the cohort was 65
(interquartile range [IQR] 58—73) years, with renal
mass diameter of 7 (IQR 5.5-9.1) cm. Laparoscopic
procedures were performed in |79 patients (69.1%),
with 80 patients (30.9%) receiving open nephrectomy.
Most patients had a clinical stage <T2bNOMO (64.8%).
Median length of stay was 3 (IQR 2-5) days, and
total number of complete blood counts (CBCs) per
patient was 4 (IQR 2-5), with 1312 overall CBC draws.
Descriptive statistics are included in Table I.

Overall, 31 (12%) patients required a blood trans-
fusion based on postoperative bloodwork. For all
patients, 95 units of blood were transfused. Median
intraoperative estimated blood loss (EBL) was 150
(IQR 100-300) ml. The median preoperative Hgb was
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Table 1. Clinical and demographic¢ findings for patients

undergoing radical nephrectomy (N=259)
65 (58-73)

Age, median years (IQR)
Gender
Male
Female
BMI, median (IQR)
Comorhidities, percentage
Smoker
Diabetic
Hypertension
On ACE or ARB
ASA score, percentage

1

2

3

4
Renal mass hiopsy
Preoperative Hgb, median g/L (IQR)
Renal mass diameter, median cm (IQR)
OR time, median mins (IQR)

EBL, median ml (IQR)

Change in Hgb preop-postop, median g/L
(IQR)

Total # of (BCs, median (IQR)
Length of stay, median days (IQR)
Tstage

Tla

Tib

T2

T2b

T3+
M1 disease
Surgical approach

Laparoscopic

Open

173 (66.8%)
86 (33.2%)
30.1(26.2-34.7)

107 (41.3%)
55(21.2%)

160 (61.8%)
121 (46.7%)

6 (2.3%)

159 (61.4%)
89 (34.4%)

4 (1.5%)

45 (17.4%)
132 (117-145)
7.0 (5.5-9.1)
126 (101-174)
150 (100-300)

-15(-22t0 -9)

4 (2-5)

3 (2-5)

Clinical Pathologic
stage stage

20(7.7%)  19(7.3%)
80(30.9%) 36(13.9%
53(20.5%) 14 (5.4%)
32(12.4% 4(1.5%)
72(27.8%) 180 (69.5%)
17 (6.6%)

179 (69.1%)
80 (30.9%)

ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin

receptor blocker; ASA: American Society of Anesthesiologists; BMI:
body mass index; CBC: complete blood cell count; EBL: estimated
blood loss; IQR: interquartile range; POD: postoperative day; Hgb:

hemoglobin; OR: operating room.




Table 1 (cont’d). Clinical and demographic findings for

patients undergoing radical nep

Laterality
Left 114 (44.0%)
Right 145 (56.0%)
Clavien complications
None 190 (73.4%)
Grade 1 22 (8.5%)
Grade 2 31(12.0%)
Grade 3 11 (4.2%)
Grade 4 4(1.5%)
Grade 5 1(0.4%)
Final histology
Clear-cell 194 (74.9%)
Papillary 18 (6.9%)
Chromophobe 15 (5.8%)
Oncocytoma 11 (4.2%)
Other 20 (7.7%)
Overall transfusion rate 31(12%)
Uncomplicated OR and <T2h 104 (40.2%)
Transfused in uncomplicated disease 3/104 (2.9%)

Transfused after PODO if inifial Hgh drop
<I5g/L

Transfused after PODO if initial Hgb >100 g/L | 4/199 (2.0%)

47131 (3.1%)

ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin
receptor blocker; ASA: American Society of Anesthesiologists; BMI:
body mass index; CBC: complete blood cell count; EBL: estimated
blood loss; IQR: interquartile range; POD: postoperative day; Hgb:
hemoglobin; OR: operating room.

132 (IQR 1'17-145) g/L. The median loss of Hgb from
preop to PODI was |5 (IQR 9-22) g/L. The median
Hgb loss on POD| for those who went on to require
transfusion was 24 (IQR | 1-27) g/L. In those patients
with an initial Hgb drop of <15 g/dL, only 3.19% (4/131)
required a blood transfusion in their subsequent hospi-
tal stay. Two patients overall (0.8%) required an opera-
tive takeback for a bleed, and no patients required
interventional radiology intervention for a bleed.
When undergoing an uncomplicated operation (no
inadvertent injury, no conversion to open from laparo-
scopic surgery) for clinical stage <T2b, 3/104 (2.9%)
patients required transfusion. These patients are described
more in detail in Tables 2, 3. There were 199 patients with

Routine Hgb monitoring in radical nephrectomy

Table 2. Transfusion differences hetween simple and complex (clinical >T2,

intraoperative complication, conversion, anesthetic instability) OR
Routine OR (n=104) Complex (n=155)
Hgb loss (g/1) -15.8 (x0.9) -15.0 (x1.0)
EBL (ml) 185 (+19.5) 437 (+45.4)
Transfusion rate 3(2.9%) 28 (18.1%)
Total (BCs (median) 3 (IQR 2-4) 5(IQR 3-7)
Laparoscopic 92 (88.5%) 87 (56.1%)
Open 12 (11.5%) 68 (43.9%)

*Significance. CBC: complete blood cell count; EBL: estimated blood loss; Hgb: hemoglobin; OR:

operating room.

Significance
p=0.416

p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*

Table 3. Tumor size, blood loss, length of stay, and
transfusion rates by operative approac

Laparoscopic (n=179)  Open (n=80)
Tumor size, median cm (IQR) | 6.6 (5.2-8.3) 8.3 (6.0-11.0)
EBL, median ml (IQR) 100 (100-200) 400 (200-800)
Transfusion 9 (5%) 22 (27.5%)
Length of stay, days (IQR) 3(2-3) 5(4-7)

EBL: estimated blood loss; IQR: interquartile range.

a Hgb value >100 g/L on POD 1, only four of which (2%)
required subsequent transfusion. All four of these patients
experienced a complicated postoperative course. Their
clinical descriptions can be found in Table 4.

Using multivariate logistic regression, age in years (OR
1.083,95% CI 1.018-1.152, p=0.01 ) and intraoperative
EBL in ml (OR 1.003, 95% ClI 1.002—-1.005, p<0.001)
were found to be statistically significantly associated with
postoperative transfusion rates, while preoperative Hgb
value in g/L (OR 0.945, 95% Cl 0.919-0.972, p<0.001)
was found to be protective when all factors entered in the
analysis were held constant. Multivariate logistic regression
specifics can be found in Table 5.

DISCUSSION

In this retrospective cohort of patients undergoing RN,
1 2% of patients required a blood transfusion, a rate com-
parable to the literature;'® however, patients who had
minimal change in their Hgb values from preop to postop
(<I5 g/L) had a postoperative transfusion rate of only
3.1%. Likewise, there are low transfusion rates (29%) for
those with a POD | Hgb >100 g/L. This suggests that those
patients with reassuring bloodwork based on these values
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Table 4. Outcomes of patients requiring blood transfusions following reassuring POD1 Hgb values

Complication

Postoperative bleeding managed conservatively

Operative takeback for bleed at vein and artery staple line

PE found intraop based on ECG; anticoagulated and
retroperitoneal hematoma; takeback for SBO, jejunopexy

Postoperative bleeding managed conservatively

Significant intraoperative bleeding requiring pressors;

Pi. ID# | Cstage #of (BGs | LOS Clinical findings
Patients with Hgb >100 on POD1
1 T1bNOMO | 18 5days | Found to be tachypneic, hypotensive, low
urine output.
2 T2aNOMO | 13 6 days | Hypotension refractory to fluids
Patients with Hgb drop <15 g/dL on POD1
3 | T3aNOMO 33 31 Abnormal intraoperative ECG and
tachycardia; multiple complications
developed subsequent to this initial finding
4 T1aNOMO | 13 5 Bradycardic and hypotensive in PACU.
Patients with both Hgb drop <15 g/dL and Hgb >100 on POD1
5 T3aNOMO | 37 22 Intraoperative instability, brought to ICU
postop
6 T3aNOMO | 16 9 Hypotension, tachycardia with new-onset
atrial fibrillation

recovered in ICU but aspirated on floor, requiring
reintubation; eventually developed multiorgan system failure

Intraoperative bowel injury managed by general

surgery; developed Gl bleed postoperatively with
hemodynamic instability and atrial fibrillation managed by
gastroenterology

CBC: complete blood cell count; ECG: Gl: gastrointestinal; ICU: intensive care unit; LOS: length of stay; PACU: post-anesthesia care unit; SBO: small

bowel obstruction.

Table 5. Multivariate logistic regression |denl'|fy|ng fuclors ussouul‘ed with

postoperative blood transfusions when

Variable
Age

Gender

Preoperative Hgh (g/L)

EBL (ml)
OR fime (mins)

Laterality

Additional procedures at fime of OR (RPLND, adrenaleciomy) 0.191

p 0dds ratio

0.011 1.083 (1.018-1.152)
0.553 0.685 (0.196-2.390)
<0.001 0.945 (0.919-0.972)
<0.001 1.003 (1.002-1.005)
0.052 1.011(1.000-1.023)
0.089 2.939 (0.849-10.175)

2.700(0.610-11.953)

EBL: estimated blood loss; Hgb: hemoglobin; OR: operating room; RPLND: retroperitoneal lymph

node dissection.

on POD can be considered for discontinuing further daily
bloodwork draws in the absence of a clinical indication.
In addition, there were low rates of blood transfusion
in patients with lower stage (=T2b) and uncompli-
cated operations. This is an implicitly understood find-
ing inherent to medicine in general — patients with
complications and complex disease are more likely to
need more attentive care. This is further outlined by
the regression model, where patients with more EBL
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(i.e., complex ORs) and advanced age are more likely
to require blood transfusions.

Of the patients who required a blood transfusion
despite a POD| Hgb >100 g/L or Hgb drop <15 g/L,
all of them initially developed hemodynamic instability
as a hallmark of the complication they were experien-
cing. This further suggests that even those patients who
develop a complication despite reassuring bloodwork
will be identified by clinical parameters that will prompt
additional investigation.

This study, among others,'*'> would point towards
clinically prompted investigations for patients, as
opposed to routine postoperative laboratory investiga-
tions. The majority of patients who experience a bleed
will likely do so in the first 24—48 hours, which will
be apparent based on vital signs, patients’ symptoms,
urine output, and clinical acumen of the treating phys-
ician."” All patients in this study that required a blood
transfusion after a reassuring POD | Hgb value were
experiencing complications that would have prompted
investigation of their own accord.

As we attempt to optimize patient length of stay in
our strained healthcare system, identification of those
patients at highest risk of complications is crucial.
Berger? and Ravivarapu'® attempted to study this in
cohort populations, looking at readmission and com-



plication rates for those patients with early discharges.
Unfortunately, this study suffers a retrospective bias;
those patients discharged early did well postoperatively
and will likely continue to do well.

Azawi et al looked at a small cohort of patients
undergoing laparoscopic nephrectomy (N50), and
found that of those who were successful same-day
discharges (92%), none required readmission to hospi-
tal.* An alternative perspective is provided by Myers in
a cohort of patients undergoing robotic partial nephrec-
tomy, who had high incidence of abnormal POD lab-
oratory values and transfusions based on these values."”
Although a partial nephrectomy cohort is fundamentally
at higher bleeding risk, the results support stratifying
patients based on their POD | bloodwork. It is difficult
to support the idea of a same-day, or even one-day
nephrectomy based on these studies, as well as the
data presented here, yet it is hypothesis-generating.

Although this is a cohort of patients undergoing both
laparoscopic and open nephrectomy, regression model-
ling did not demonstrate surgical approach as a predictive
factor. This is surprising, as intuitively patients will often
require longer open procedures for complex disease.

Limitations

This study is not without limitations. By nature, a retro-
spective cohort may have confounding factors not iden-
tified or accounted for in the analysis. The decision to
order a transfusion can be subjective; altthough “strict”
criteria exist, patients may occasionally have a blood
transfusion triggered by symptoms, past cardiovascular
history, overall trend of bloodwork, or vital signs changes.
In practice, these variations can make prediction of trans-
fusions somewhat difficult at the patient level. In addition,
there is a small percentage of patients who received an
intraoperative blood transfusion, skewing the results of
their Hgb value on PODI. Intraoperative blood trans-
fusions were performed at the discretion of the treating
anesthetist based on hemodynamics, ongoing blood loss,
and communication with the surgeon.

CONCLUSIONS

This retrospective analysis demonstrates a low rate of
blood transfusion for patients undergoing RN for RCC
who have an initially stable postoperative serum Hgb
level. Age, EBL, and preoperative hemoglobin values
are all factors in consideration of the overall bleeding
risk. Bloodwork prompted by clinical indications rather
than routine bloodwork can reduce unnecessary blood
draws, costs, anxiety, and prolonged length of stay.

Routine Hgb monitoring in radical nephrectomy

COMPETING INTERESTS: Dr. Rendon has received financial support
in the form of payments for participation in speaker’s bureau, consulting,

or advi

isory role, as well as honoraria from AbbVie, Amgen, Astellas,

AstraZeneca, Bayer, Ferring, Janssen, and Sanofi. The remaining authors do
not report any competing personal or financial interests related to this work.

This paper has been peer-reviewed.

REF
1

ERENCES

Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European Association of Urology guidelines
on renal cell carcinoma: The 2022 update. Eur Urol 2022;82:399-410. https://doi.
0rg/10.1016/j.eurur0.2022.03.006

Berger |, Xia L, Wirtalla , et al. Early discharge after radical nephrectomy: An analysis of
complications and readmissions. Clin Genitourin Cancer 2019;17:6293-6305. https://doi.
0rg/10.1016/}.clgc.2018.11.016

Autorino R, Zargar H, Butler S, et al. Incidence and risk factors for 30-day readmission in
patients undergoing nephrectomy procedures: A contemporary analysis of 5276 cases from
the National Surgical Quality Improvement Program Database. Urology 2015;85:843-9.
https://doi.org/10.1016/j.urology.2014.11.044

Di Rollo D, Mohammed A, Rawlinson A, et al. Enhanced recovery protocols in urological
surgery: A systematic review. Can J Urol 2015;22:7817-23.

Tarin T, Feifer A, Kimm S, ef al. Impact of a common clinical pathway on length of
hospital stay in patients undergoing open and minimally invasive kidney surgery. J Urol
2014;191:1225-1230. https://doi.org/10.1016/}.jur0.2013.11.030

Azawi NH, Christensen T, Dahl C, et al. Laparoscopic nephrectomy as outpatient surgery. J
Urol 2016;195:1671-6. https://doi.org/10.1016/j.jur0.2015.12.088

Azawi NH, Christensen T, Petri AL, ef al. Prolonged length of hospital stay in Denmark
after nephrectomy. Dan Med J 2012;59:A4446.

Shaner JL, Karim AR, Casper DS, et al. Routine postoperative laboratory tests are
unnecessary after partial knee arthroplasty. J Arthroplasty 2016;31:2764-7. https://doi.
0rg/10.1016/j.arth.2016.05.052

Skenderis BS, Rodriguez-Bigas M, Weber TK, et al. Utility of routine postoperative
laboratory studies in patients undergoing potentially curative resection for
adenocarcinoma of the colon and rectum. Cancer Invest 1999;17:102-9. https://doi.
org/10.1080,/07357909909011723

TReynolds LF, Kroczak T, Pace KT, et al. are routine laboratory investigations necessary
following percutaneous nephrolithotomy? Urology 2020;143:80-4. https://doi.
0rg/10.1016/j.urology.2020.05.025

1Bitcon C, Whalen S, Coleman J, et al. Utility of postoperative serial renal function
monitoring in patients undergoing radical cystectomy for urathelial carcinoma. Ann Surg
Oncol 2022,29:5333-7. https://doi.org/10.1245/510434-022-11667-1

TWhalen S, Rendon RA, Bell D, et al. Clinical utility of routine postoperative seril
hemoglobin measurements in patients undergoing radical cystectomy for urothelial
carcinoma. Can Urol Assoc J 2023;17:34-8. https://doi.org/10.5489/cwa(.8012

Kohli N, Mallipeddi PK, Neff JM, et al. Routine hematocit after elective gynecologic surgery.
Obstet Gynecol 2000;95:847-50. https://doi.org/10.1016/50029-7844(00)00796-1
McKenna NP, Habermann EB, Glasgow AE, et al. Tradition versus value: Is there ufility in
protocolized postoperative laboratory testing after elective colorectal surgery? Ann Surg
2021;274:¢548. https://doi.org/10.1097/5LA.0000000000003731

Murphy AM, Tunitsky-Bitton E, Krlin RM, et al. Utility of postoperative laboratory studies
after female pelvic reconstructive surgery. Am J Obstet Gynecol 2013;209:363.¢1-363.65.
https://doi.org/10.1016/].0j0g.2013.06.008

Vricella GJ, Finelli A, Alibhai SMH, et al. The true risk of blood transfusion after
nephrectomy for renal masses: A population-based study: Risk of blood transfusion after
nephrectomy for renal masses. BIU Int 2013;111:1294-1300. https://doi.org/10.1111/
j.1464-410X.2012.11721.x

Tikkinen KA, Agarwal A, Craigie S, et al. Systematic reviews of observational studies

of risk of thrombosis and bleeding in urological surgery (ROTBUS): Introduction and
methodology. Syst Rev 2014;3:150. https://doi.org/10.1186,/2046-4053-3-150
Ravivarapu KT, Garden E, Chin CP, ef al. Same-day discharge following minimally invasive
partial and radical nephrectomy: A National Surgical Quality Improvement Program (NSQIP)
analysis. World J Urol 2022;40:2473-9. https://doi.org/10.1007 /500345-022-04105-0
Myers AA, Geldmaker LE, Haehn DA, et al. Evaluation of routine postoperative labs
following robotic assisted partial nephrectomy in patients with normal preoperative renal
function. Urology 2022;160:117-23. https://doi.org/10.1016/j.urology.2021.11.012

CORRESPONDENCE: Dr. Charlie J. Gillis, Department of Urology,
Dalhousie University, Halifax NS, Canada; charliejgillis@gmail.com

CUAJ + JUNE 2024 « VOLUME 18, ISSUE 6

189



